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A b s t r a c t
The Santa Rosa Plain (Plain), Sonoma County, California, has lost 85% of its vernal 
pools, affecting the survival of four threatened and endangered species. The ability of 
Section 404 of the Clean Water Act to achieve the goal of no net loss is of particular 
importance in areas, such as the Plain, where wetland resources have become severely 
impacted. The objective of this study was to determine if a no net loss of wetland area 
occurred on the Plain, to evaluate the implementation of the Santa Rosa Plain 
programmatic permit, and to examine trends associated with compensatory mitigation. 
Fifty-two Section 404 permits affecting seasonal wetlands on the Santa Rosa Plain 
between July 17,1998 and December 31, 2004 were examined. The no net loss based on 
required mitigation was determined and adjusted for loss due to mitigation failure and 
loss resulting from enhancement. The mitigation acreage that could be verified was 
determined and the acreage appended to the programmatic permit was totaled. The 
frequency of the type of mitigation (on-site, off-site, bank) selected was evaluated by 
type of proponent (public or private). The location of impacts and mitigation sites were 
evaluated to assess the effects of geographic displacement. Required mitigation resulted
in a net gain of 3.512 acres; however, the combined effects of failure and enhancement 
resulted in a net loss of 0.504 acre. Only 53% of the mitigation was verified. In most 
cases the programmatic permit was properly applied and maximum acreage limits had not 
been exceeded. Mitigation banking was the most frequently used type of mitigation; 
however, banks were found to result in greater geographic displacement. A majority of 
the impacts were due to private developers and occurred within urban boundaries, while a 
majority of the mitigation sites were located outside of urban areas. Mitigation banks 
were found to play an important role in mitigation on the Plain.
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C h a p t e r  1 
In t r o d u c t io n
Wetlands have been diminishing in the United States since colonization began (Dahl 
1990). From that time to the present the policies and laws used to regulate human 
interaction with wetlands have changed dramatically. These changes have been due to 
the recognition of wetland values and the alarming rate of wetland destruction (Tzoumis 
1998). Even though scientific literature has illustrated the varied functions and values of 
wetlands, their value as an important natural resource rapidly diminishes in the context of 
economic development.
Programs that regulate the use of wetlands have varied over time in response to 
changes in political views, public awareness, economic influences and scientific 
understanding. In the 1850s the government offered economic incentives to farmers 
which encouraged the draining and filling of wetlands (Tzoumis 1998). Increased 
scientific understanding and environmental awareness in the mid 1900s drastically shifted 
the focus of regulatory programs to the conservation of wetland resources. The most 
recent movement in wetland conservation has been based on the concept of “no net loss” 
of wetlands. Formally introduced in 1989 by the first Bush administration, no net loss is 
a conceptual goal for government agencies in the context of wetland conservation 
(National Research Council 2001) and while no net loss was never instituted as an 
official policy, it has been used by regulatory agencies to set guidance for many 
regulatory policies. Since its inception, regulators and environmentalists have striven to 
achieve what seems like a simple and straight forward goal - no net loss. But these three
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simple words belie a complexity of legal, regulatory, scientific and economic issues that 
have made the achievement of this goal elusive.
1.1 W e t l a n d  R e s o u r c e s  a n d  R e g u l a t io n
Local, state and federal regulatory programs are mechanisms by which wetlands 
achieve a legal status, and, therefore, some degree of protection. Currently, federal 
protection of wetlands occurs through the regulations set by the Federal Water Pollution 
Control Act of 1972 (FWPCA) and its subsequent Clean Water Act (CWA) amendment 
of 1977. The CWA addresses many water quality issues, such as effluent standards, 
water treatment and toxic spills; however, Section 404 of the CWA is the principal 
component used for wetland protection (Gaddie and Regens 2000).
The Section 404 permitting program regulates the discharge of fill material into 
jurisdictional waters of the U.S. While the Environmental Protection Agency (EPA) has 
the responsibility of administering the CWA, the EPA delegated permitting authority to 
the U.S. Army Corps of Engineers (COE) since the COE was already responsible for 
permitting under Section 10 of the Rivers and Harbors Act (RHA) (Gaddie and Regens
2000). While only the COE has the ability to issue a permit, the EPA retains veto 
authority on all permit decisions (Gaddie and Regens 2000) and has used it sparingly, 
vetoing only 11 permits since the inception of the program (EPA 2005). COE authority 
is limited to the “waters of the U.S.” which encompasses all aquatic resources that fall 
within the jurisdiction of the federal government.
The definition of waters of the U.S., also referred to as jurisdictional waters or 
jurisdictional wetlands, is based on the constitutional authority set forth to regulate
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interstate and foreign commerce (Downing et al. 2003), and as such, is open to political 
and legal interpretations which may result in changes to the extent of COE jurisdiction. 
For example, the COE claimed jurisdiction over isolated, non-navigable, intrastate 
wetlands based on their use by migratory birds which crossed state lines and were part of 
international treaties. In 2001, the constitutionality of the migratory bird rule was 
challenged in Solid Waste Agency of North Cook County vs. U.S. Army Corps of 
Engineers (SWANCC) and the Supreme Court ruled the use of the migratory bird rule as 
unconstitutional, markedly decreasing the extent of federal jurisdiction and significantly 
affecting the ability of the COE to regulate isolated wetlands (Downing et al. 2003).
When a wetland activity that will “impact” or destroy a wetland is authorized under 
Section 404, the applicant may be required to offset the loss of the wetland. The creation, 
modification or preservation of a wetland in order to counterbalance the loss of another 
wetland is referred to as compensatory mitigation. The policy and procedures used to 
determine the type and level of mitigation necessary for activities authorized under 
Section 404 are outlined in the 1990 Memorandum of Agreement (MOA) between the 
EPA and COE. This policy outlines the initial need to avoid and minimize impacts to 
wetlands where possible and use compensatory mitigation where impacts are 
unavoidable. Compensatory mitigation has become the primary tool used by regulators 
in the attempt to achieve no net loss (Lynch-Stewart 1992).
Given that compensatory mitigation plays a pivotal role in the no net loss equation, 
the failure of a mitigation project or the inappropriate use of mitigation could 
significantly contribute to an overall net loss of wetlands. As a result, it is important to
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understand how compensatory mitigation is being utilized, as well as the consequence of 
its use. While many factors affect the attainment of no net loss, the responsibility 
ultimately falls to the regulatory agencies that authorize impacts to jurisdictional 
wetlands and require mitigation for those impacts. Previous studies have shown that 
Section 404 has yet to be successful in achieving the goal of no net loss (Holland and 
Kentula 1992; Kentula et al. 1992; Sifneos et al. 1992a; Sifneos et al. 1992b; Allen and 
Feddema 1996; Torok et al. 1996; Race and Fonseca 1996; Brown and Lant 1999; NRC 
2001; Robb 2002; Johnson, et al. 2002; Sudol and Ambrose 2002).
While preventing a net loss of wetlands is important to the conservation of wetlands 
in general, it is absolutely vital in areas where the wetland resources have been depleted 
to such a degree that the aquatic system has become severely impaired. The Santa Rosa 
Plain, hereafter referred to as the Plain, located in Sonoma County, California, is a unique 
and dynamic landscape (Figure 1.1). The Plain encompasses 81,000 acres and is one of 
the few locations in the world where vernal pools are found. Vernal pools are a rare type 
of seasonal wetland which support unique plant and animal species that have become 
adapted to the extreme environmental conditions found within the pools. Intensive 
agriculture and urban development have destroyed 85% of the vernal pools on the Plain 
and severely degraded those that remain by significantly altering their hydrology 
(Patterson et al. 1994). There are currently five threatened and endangered species whose 
survival is dependent on the continuation of this unique habitat. In an ecosystem that has 
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Figure 1.1: Location M ap for the Santa Rosa Plain, Sonom a County, C alifornia
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are measured in hundredths of an acre, the implementation of an effective no net loss 
policy is critical to ensuring the conservation of this valuable resource.
1.2 P u r p o s e  a n d  R a t io n a l e
The primary job of wetland regulators at the COE is to administer Section 404 of the 
CWA. There is an enormous amount of political, public, and economic pressure on 
regulators to process as many permits as possible in the shortest possible time. In fact, 
the regulatory funding for each district is based in part on the number of permits 
processed each year. Conversely, there is pressure on regulators from environmental 
groups and outside agencies to thoroughly evaluate the effects of each permit and 
maintain the integrity of aquatic resources. Only a handful of permits are denied each 
year under Section 404. Of the 48,295 permit applications submitted in 1994, the COE 
only denied 358 permits (USACE 1995). In addition, different project managers may 
concurrently process numerous permits for impacts, but permit information recorded in 
the regulatory database is often minimal, and occasionally unreliable. This makes it 
difficult for regulators to gain a comprehensive understanding of how mitigation is being 
used and if it has been effective in achieving no net loss. The goal of no net loss has 
further increased focus on the use of compensatory mitigation for wetland losses that 
occur under Section 404; however, wetland regulators have little time to evaluate the 
effectiveness of current regulations and policies in achieving the goal of no net loss.
While the COE keeps a statistical accounting of jurisdictional wetlands lost and 
gained based on information submitted by each district, these statistics are often 
misleading. For example, in 1994, the COE reported a net gain of 20,800 acres of
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wetlands (USACE 1995); however, this number did not take into account the method of 
mitigation used or whether the mitigation was successful or even initiated. Studies on the 
effectiveness of Section 404 and other regulatory programs in achieving no net loss have 
revealed that these figures may not be representative of actual no net loss (Holland and 
Kentula 1992; Kentula et al. 1992; Sifneos et al. 1992a; Sifneos et al. 1992b; Allen and 
Feddema 1996; Torok et al. 1996; Race and Fonseca 1996; Brown and Lant 1999; NRC 
2001; Robb 2002; Johnson, et al. 2002; Sudol and Ambrose 2002). The general 
consensus of researchers is that there is an overall net loss of jurisdictional wetlands 
occurring, primarily due to failed mitigation (Race and Fonseca 1996; Brown and Lant 
1999; NRC 2001; Robb 2002; Johnson, et al. 2002; Sudol and Ambrose 2002).
Since mitigation plays such a pivotal role in the achievement of no net loss, it is 
important to examine how compensatory mitigation is being used. While mitigation 
requirements vary based on several criteria, there are guidelines set by the COE and other 
agencies defining the best mitigation practices. Foremost is the desire to move away 
from small, vulnerable mitigation sites to larger wetland complexes located away from 
urban influences. A recent tool utilized to help achieve this goal is mitigation banking 
which is the creation, restoration, enhancement or preservation of wetlands that are later 
sold to compensate for wetland losses. While mitigation banking has many benefits, 
some researchers have expressed concern that it may have drawbacks as a tool in 
achieving no net loss (Brown and Lant 1999). Banking has been utilized to offset 
wetland losses on the Plain for fourteen years, yet little is known about the mitigation 
trends associated with its use, or its effects on the spatial distribution of wetland
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resources. Given that all the banks on the Plain are currently sold out, understanding past 
use is vital in order to project future needs and to determine if banking has been a 
beneficial mitigation tool.
Assessing the success of compensatory mitigation and the achievement of no net loss 
are especially important for the Santa Rosa Plain where three of the five threatened and 
endangered species are endemic and rely entirely upon vernal pools for their survival. 
The presence of endangered species on the Plain requires regulators to consult with the 
U.S. Fish and Wildlife Service (FWS), to ensure that Section 404 permits will not 
adversely affect endangered species or their habitat. Interagency consultations can 
significantly extend the time it takes to process a permit.
In order to facilitate the permitting process and to ensure the adequate protection of 
the four endangered plant species, the COE and FWS instituted the Santa Rosa Plain 
Programmatic Permit (programmatic permit). The programmatic permit was based on a 
biological opinion (BO) issued by the FWS and set mitigation requirements at a 
maximum limit on the number of wetland acres that could be impacted on the Plain. The 
programmatic permit was issued in July of 1998 and was to be reviewed every six 
months to ensure that its implementation did not have any adverse effects on wetland 
’ habitat and that the acreage limits had not been exceeded (USDOI 1998). Thus far one 
review has been conducted on the implementation of the programmatic permit but there 
is no current accounting of the impacts which took place under the programmatic permit. 
Evaluation of the programmatic permit will help regulators understand the effectiveness 
of its permit conditions.
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Development pressure on the Plain has continued to increase, resulting in a 
competition between human economic development and wetland conservation that is 
reaching a critical point. The vernal pool ecosystem of the Plain is extremely degraded, 
and additional unmitigated wetland losses will further damage the ecosystem resulting in 
the loss of habitat. Section 404 and the programmatic permit sets the guidelines for 
regulating wetland losses on the Plain and compensatory mitigation is the tool used to 
offset unavoidable losses, yet it is unknown if the regulations and the use of mitigation 
have been effective in achieving no net loss. Study of the effectiveness of the regulatory 
process, including the programmatic permit, will help regulators assess the need for any 
changes in regulatory or management practices.
1.3 R e s e a r c h  Q u e s t io n s
The policies and laws which regulate wetlands were not developed to protect 
wetlands for their intrinsic value, but for the value they provide to society. The term 
“wetland values” refers to the services that wetlands provide that are deemed beneficial 
to society as opposed to “wetland functions” which are the services provided by wetlands 
regardless of society’s view (Environmental Law Institute 2002). Politics, economics, 
demographics, and cultural values influence the value that human society places on 
wetlands, which, in turn, results in the development of regulations to protect these values. 
These regulations govern human interaction with wetlands; however, since society has 
opposing views on the importance of wetlands, these policies regulate the use of wetlands 
rather than simply protecting them. The regulations are a compromise between the public 
good and private interests, which are often driven by economic considerations (Cortner
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and Moote 1999). In this context no net loss is a resource management policy that must 
encompass all the factors that can affect no net loss, including scientific knowledge, 
economics, and politics. This study will address these questions within the context of 
regulatory implementation rather than the scientific feasibility of mitigation.
This study will focus on the effects of Section 404 of the CWA, the programmatic 
permit and the use of COE mitigation guidelines on the achievement of no net loss of 
seasonal wetland area on the Santa Rosa Plain for permits issued between July 17, 1998 
and December 31, 2004. The locations of impacts for these permits and their respective 
mitigation areas will be used to assess the geographic displacement of wetlands on the 
Plain due to compensatory mitigation. Three primary questions are addressed.
Question 1: Did no net loss of jurisdictional, seasonal wetland area occur on the 
Santa Rosa Plain between July 17,1998 and December 31, 2004?
Previous studies have used a variety of methods to determine if wetland permitting 
under Section 404 has been successful in achieving no net loss of wetlands (Holland and 
Kentula 1992; Kentula et al. 1992; Sifneos et al. 1992a; Sifneos et al. 1992b; Allen and 
Feddema 1996; Torok 1996; Johnson et al. 2000; Robb 2002; Johnson et al 2002; Sudol 
and Ambrose 2002). Whigham (1999) referred to no net loss as “a numbers game” that 
can be approached several different ways. This study will look at different approaches 
that can be used to quantify no net loss on the Plain.
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Question 2: Have the acreage limits set by the Santa Rosa Plain programmatic 
permit been exceeded?
The Santa Rosa Plain programmatic permit affects how compensatory mitigation is 
used on the Plain and is also part of the overall conservation plan for the vernal pools on 
the Plain. As a critical tool for conservation on the Plain, it is important to determine if 
the limitations set by the permit have been exceeded. This study will assess how the 
programmatic permit was applied on the Plain and if the impact thresholds have been 
exceeded.
Question 3: What are the trends in the use of mitigation banks on the Santa Rosa 
Plain?
As the primary tool used to offset wetland losses, compensatory mitigation plays a 
critical role in avoiding a net loss of wetland area. As such, it is important to understand 
how mitigation is used and the resulting effects of its use. Mitigation banks as a means of 
compensating for wetland losses are continuing to grow in popularity for both applicants 
and wetland regulators. This question will examine what types of applicants are using 
banks as opposed to the other types of mitigation and will explore the resulting 
geographic displacement caused by compensatory mitigation in relation to urban areas.
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C h a p t e r  2
B a c k g r o u n d  a n d  L it e r a t u r e  R e v ie w
There is an extensive body of literature on the regulation of wetlands, wetland policy 
and wetland science. This literature review is intended to provide background 
information on Section 404 permitting, no net loss, compensatory mitigation, and a 
review of similar studies related to this research.
2.1  S e c t io n  404  o f  t h e  C l e a n  W a t e r  A c t
Section 404 of the Clean Water Act divides all permits into two major categories: 
individual permits and general permits. Individual permits usually involve significant 
impacts and require a detailed environmental impact statement (EIS) to determine the full 
effect of the action. It also requires the exploration of alternative locations and must 
show that the project is in the public interest. As part of this process, the public is made 
aware of the proposed project and public comments are taken into consideration when 
evaluating the permit for approval (USACE 1995). An individual permit requires a more 
in-depth process than would a general permit as depicted in Figure 2.1.
General permits are used for projects that are expected to have a minimal impact on 
the aquatic system and account for 80% of all permits issued by the COE (USACE 1995). 
The primary purpose of general permits is to streamline the permitting process and 
minimize the amount of administrative processing and coordination that has to occur 
between the COE, other agencies and the applicant (Ricciardi and Martin 1997). There 
are three categories of general permits: nationwide permits (NW), regional general 
permits (RGP), and programmatic general permits (PGP) (NRC 2001). Nationwide
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permits are issued for specific types of activities, such as excavation and backfill for 
utility lines (NW12) or road crossings into waters of the U.S. (NW14). Regional permits 
place special conditions on impacts occurring in a specific geographic region, such as a 
watershed or ecosystem. Programmatic permits are designed to incorporate the 
regulations of another existing program and eliminate duplication of effort between 
agencies and may also be limited to a specific geographic area. The guidelines for these 
permits change from time to time as a result of refinements in the permitting process 
(Ricciardi and Martin 1997).
While the COE and EPA are responsible for administration of Section 404, the FWS 
is responsible for administration of the Endangered Species Act (ESA). If there is a 
possibility that a proposed wetland impact will affect the habitat of a threatened or 
endangered species, then the COE must initiate a Section 7 consultation (Patterson et al. 
1994). Under a Section 7 consultation, the FWS may issue a Biological Opinion (BO) on 
the site containing proposed alternatives or suggested restrictions. This information is 
then used by the COE when determining if a permit should be denied, issued or issued 
with special conditions. Figure 2.1 is a simplified flowchart depicting the permitting 
process used by the COE.
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2.2 C o m p e n s a t o r y  M it ig a t io n
When a permit is issued under Section 404 for an impact to an aquatic resource, 
compensatory mitigation may be required to replace or offset the loss of its functions and 
values. While a majority of individual permits require mitigation, some nationwide 
permits do not (NRC 2001). Some types of nationwide permits do not require applicants 
to report impacts if they are less than 1/2 acre in size (NRC 2001); however, in recent 
years the nationwide permit conditions have been changing to promote more mitigation 
(Ricciardi and Martin 1997). The recent COE regulatory guidance of December 2002, 
further outlined compensatory mitigation objectives and approaches.
Compensatory mitigation can be characterized by the type, method and location of 
the mitigation. Mitigation type can be in-kind or out-of-kind. In-kind mitigation occurs 
when the mitigation wetland is of the same type as the impacted wetland. Conversely, 
out-of-kind mitigation is the use of one wetland type, such as ponds, to compensate for 
the loss of another wetland type, such as freshwater marshes.
2.2.1 P r e s e r v a t io n , E n h a n c e m e n t , R e s t o r a t io n  a n d  C r e a t io n
Mitigation methods include preservation, enhancement, restoration/re-establishment 
and creation (USACE 2002). Preservation is the protection and maintenance of existing 
wetlands and is usually used in concert with wetland creation, enhancement or 
restoration. Enhancement occurs when existing wetlands are modified to improve their 
function (USACE 2002). The exclusive use of either wetland preservation or 
enhancement will lead to a net loss of wetland area since neither method results in the 
addition of wetland acreage that would offset the lost acreage (Brown and Lant 1999)
16
Restoration/re-establishment is the development of wetlands on a site which is known 
to historically support wetlands. This is the most preferred method of mitigation since 
the necessary hydrologic conditions are presumed to exist at the site and, once 
established, the wetland would require minimal maintenance (NRC 2001). Conversely, 
creation is the construction of a wetland on a specific site that is not known to historically 
support wetlands. This method is discouraged since a wetland created at a location not 
known to support wetland hydrology is less likely to be self-sustaining (Environmental 
Law Institute 2002). Unlike preservation and enhancement, both restoration and creation 
result in new wetland acreage.
2 .2 .2  O n -S it e , O f f -S it e , B a n k in g  a n d  In -L ie u  F e e
On-site mitigation occurs when the impacted wetland is mitigated on the same site or 
on an adjacent, contiguous site. In general, on-site, in-kind mitigation is preferred to 
other types of mitigation since the site would be historically known to support wetlands 
and there would be minimal geographic displacement of the wetland function (NRC
2001); however, when on-site mitigation occurs in urban areas, it can lead to small 
isolated wetlands that are vulnerable to urban influences as well as habitat fragmentation 
(Patterson et al. 1994). On-site mitigation can often be costly, especially when impacts 
are small.
Off-site mitigation occurs when the mitigation site is in a different geographic 
location from the affected project site. Off-site mitigation can be advantageous if a site is 
carefully selected. Mitigation sites located away from urban influences and near other 
conservation areas are more likely to succeed (NRC 2001; Environmental Law Institute
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2002). If off-site mitigation is located too far from the impacted wetland, the wetland 
function for the geographic area may be lost. Off-site mitigation can also be costly for 
small impacts; however, the use of consolidated mitigation areas (CMA) allows several 
different impacts to be mitigated at one off-site location, resulting in a more cost effective 
process.
Mitigation banks are sites where wetlands are preserved, enhanced, restored and/or 
created solely for the purpose of providing compensatory mitigation prior to the actual 
wetland impact (NRC 2001). A mitigation bank will have a specified service area which 
is usually related to a watershed or eco-region boundary, but is occasionally based on a 
county, state or other political boundary. In order for an applicant to use a bank to fulfill 
a mitigation requirement, the impacted wetland must occur within the service area; thus 
the extent of a service area can ultimately affect the spatial redistribution of wetland 
resources within a geographic area (Brown and Lant 1999).
All banks must have a formal document called a Mitigation Banking Instrument 
(MBI) or Bank Enabling Instrument (BEI) which details the establishment, operation and 
maintenance of the bank (Environmental Law Institute 2002). The BEI is reviewed by 
the Mitigation Banking Review Team (MBRT) and signed by the bank sponsor and 
participating regulatory agencies. The MBRT is composed of individuals from various 
regulatory and resource agencies at the federal, state, tribal and local level 
(Environmental Law Institute 2002). The BEI specifies the equivalent acreage value of 
the credits to be sold; for example, one credit may be equivalent to 0.1 acre of wetland.
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Mitigation banking has become a popular means for compensatory mitigation for 
both applicants and regulators. Banks can provide a cost effective and immediate means 
for applicants to meet mitigation requirements. The use of mitigation banks reduces 
habitat fragmentation by allowing small, disparate wetland impacts to be mitigated at 
large sites (Brown and Lant 1999). Studies have shown that larger mitigation projects are 
more likely to succeed than smaller, isolated mitigation sites; they can be more 
effectively monitored by regulatory agencies; and are more cost effective to develop 
(NRC 2001). On-site and off-site mitigation usually occurs concurrently with the impact 
or subsequent to it. Banks minimize temporal loss of function by effectively mitigating 
prior to the impact (Silverstein 1994).
While mitigation banks have many advantages, they are subject to the same pitfalls as 
other means of mitigation, including failure of the mitigation project. Mitigation banking 
provides an economic incentive for the creation, restoration and enhancement of wetlands 
and introduces a new level of complexity to compensatory mitigation. Supply and 
demand, delayed credit release schedules and lack of competition within a service area 
can drive credit prices up, rendering banks an unaffordable option for small applicants 
(Shabman, et al. 1998). The definition of the bank service area, which in some cases may 
be as extensive as a state, can allow a greater degree of geographic displacement of the 
wetland (Brown and Lant 1999). Banking provides a quick and easy means of mitigation 
which opponents fear will encourage further destruction of high quality original wetlands 
(Silverstein 1994). Mitigation banking is a relatively recent mitigation tool and bank
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requirements and standards have changed over the years as regulators gain a better 
understanding of its role in compensatory mitigation and the achievement of no net loss.
The other forms of off-site compensatory mitigation are consolidated mitigation areas 
and in-lieu fees. Consolidated mitigation areas (CMA) differ from banks in that CMAs 
do not require a BEI and cannot sell credits. In-Lieu fees are a monetary payment made 
by applicants to offset losses due to wetland impacts. These fees sponsor general or 
specific wetland development projects and are used as a last resort when no other means 
of compensatory mitigation is possible (NRC 2001).
While the avoidance and minimization of wetland impacts are important steps in 
protecting wetland resources, compensatory mitigation has become the primary tool used 
to offset wetland loss. Since it is unrealistic to avoid all wetland impacts, compensatory 
mitigation is an important tool for offsetting wetland losses and preventing a net loss of 
wetland resources. How and when compensatory mitigation is used directly affects the 
ability of the regulatory program to achieve the goal of no net loss.
2 .3  N o  N e t  L o ss
The phrase “no net loss” seems straightforward when viewed as a generalized 
concept, however, when applied to the real world, many complexities are revealed. This 
section will examine the major characteristics of wetlands and wetland regulation that 
affect the attainment of no net loss.
2 .3 .1  J u r is d ic t io n a l  W e t l a n d s
One of the primary misconceptions in the discussion of no net loss of wetlands under 
Section 404 is the belief that the numbers are representative of all wetland losses. The
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COE can track wetland losses only for impacts that are reported and subject to their 
jurisdiction; as a result, the evaluation of no net loss under Section 404 does not include 
the loss of wetlands that lie outside the jurisdiction of the COE. In addition, the COE 
may only regulate activities that result in the placement of dredge and fill material into 
jurisdictional waters and wetlands. Other activities, such as draining or the removal of 
plants and soil from existing wetlands, are not subject to COE regulation under Section 
404 (Gaddie and Regens 2000); therefore, wetlands impacted by these activities are not 
included in the calculation of no net loss.
Those wetlands that are not subject to federal jurisdiction may be protected through 
state regulatory programs, if they exist. The 2001 Supreme Court ruling on the Solid 
Waste Agency of Northern Cook County vs. U.S. Army Corps of Engineers (SWANCC) 
affected the COE jurisdiction, impairing the ability of Section 404 to protect intrastate, 
non-navigable, isolated wetlands (Downing et al. 2003). With no current federal 
protection these wetlands fall to state regulatory programs for protection; however, at the 
time of the SWANCC ruling 35 states did not have comprehensive regulatory programs, 
relying instead on the 401 Certification Authority of the CWA which allows states to 
place conditions on federal permits to meet state water quality standards (Christie and 
Hausmann 2003). Since 401 Certification Authority is based on the federal permitting 
authority as specified in the CWA, 35 states lost the ability to protect a majority of their 
isolated wetlands.
After the SWANCC ruling twelve states attempted to put regulatory programs in 
place to protect those wetlands no longer covered by federal protection; however, over
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half of these attempts failed due to a variety of reasons including lack of funding, 
opposition by developers, and litigation. As a result, many isolated wetlands remain 
unprotected and can be filled or drained without compensatory mitigation, resulting in an 
additional net loss of wetlands. All wetlands discussed in this study will be jurisdictional 
unless otherwise noted.
2 .3 .2  A s s e s s in g  N o  N e t  L o s s : F u n c t io n  a n d  A r e a
The current COE guidelines for compensatory mitigation stress the replacement of 
wetland function rather than wetland area (USACE 2002), yet traditionally no net loss 
has been reported by the COE in terms of acreage. This discrepancy raises the question 
of how no net loss is being measured and reported.
Wetland functions and values include flood water storage, groundwater filtering, 
nutrient cycling, sediment traps, habitat for wetland species and support of the food web 
(NRC 2001). If the functions and values of an affected wetland are not adequately 
replaced by a new wetland, then a functional loss will occur and could ultimately affect 
the health of the surrounding ecological system or watershed. Functional loss most often 
occurs when out-of-kind mitigation is used. As many studies on wetland loss have 
indicated, an overall net gain in area may still result in a net loss of specific types of 
wetlands due to out-of-kind mitigation (Holland and Kentula 1992; Kentula et al. 1992; 
Sifneos et al. 1992a; Sifneos et al. 1992b; Allen and Feddema 1996; Torok 1996; Robb 
2002).
As a regulatory policy, functional replacement prevents wetland types that are rare or 
difficult to create from being destroyed and replaced with wetlands of lower value. There
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is debate among wetland professionals as to the ability of created or restored wetlands to 
truly replace or match the function, value or quality of natural wetlands (Whigham 1999); 
however, these aspects are difficult to quantify. This is not surprising since the 
evaluation of function, value or quality can often be subjective. For example, on the 
Santa Rosa Plain, the Habitat Quality Evaluation (HQE) method is used to rank habitat 
quality. Using this method, a wetland is given a ranking in each of several categories, 
such as the size of site, proximity to other conservation sites, presence of endangered 
species, etc. Each category is weighted between one and ten based on its perceived 
value. The rankings and weightings can change as habitat priorities change.
While previous studies have assessed the success of mitigation sites, none to date 
have attempted to quantify the net loss of function, value and quality that has occurred 
between impacted wetlands and replacement wetlands without expressing results in terms 
of acreage or number of sites. As a quantitative measure, area is the most simplistic 
metric used in the determination of no net loss and remains the principal measure used to 
gauge success. While the assessment of no net loss in terms of area limits the role of the 
qualitative aspects of wetlands, area remains a valuable preliminary indicator. Area is 
used by both the COE and researchers to quantify no net loss, but the interpretation of 
these figures should be tempered with the understanding that area is an indicator that may 
obscure other aspects of loss, such as function and value.
2.3.3 T e m p o r a l  a n d  G e o g r a p h ic  A s p e c t s
Other facets to be considered in the examination of no net loss are temporal loss and 
geographic displacement. Temporal loss is the loss of functions and values that occurs
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during the time between the wetland impact and the point when the mitigation wetland 
becomes functional (Brown and Lant 1999). In some cases it may take many years for 
the created or restored wetland to reach the point where it will function at the level of the 
natural wetland (NRC 2001). This temporal loss translates into a loss of wetland 
functions and values during the intervening time.
The geographic displacement between the mitigation wetland and the impacted
wetland can be quite variable. While it is generally accepted that mitigation should occur
within the same watershed as the impact (USACE 2002; NRC 2001), this is not always
the practice. In some cases wetlands are mitigated at the county or even state level
(Brown and Lant 1999). Vast disparities between the geographic location of the impact
and the mitigation site can lead to a net loss of both area and function within the
geography of the impact area. As indicated by Brown and Lant (1999), the location of a
wetland can play an important role in the functions and values it provides.
The values wetlands provide often are dependent upon their location in the 
landscape, such as their position relative to one another, to adjacent 
waters, and to the human population that would benefit from the services 
provided. (Brown and Lant 1999, 343)
2 .3 .4  M it ig a t io n  R a t io s
When compensatory mitigation is used, it may not be possible to mitigate for all lost 
aspects of the original wetland, such as function and value. Area is often used as a 
surrogate to compensate for these other losses. Mitigation ratios are expressed as a ratio 
of wetland area replaced to wetland area impacted (Robb 2002), and effectively increase 
the area of wetland the applicant must mitigate to offset a loss of function, value, or 
quality or to offset a geographic or temporal loss. For instance, to offset the functional
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loss of a wetland resulting from out-of-kind mitigation an applicant may have to mitigate 
at a ratio of 2:1. Conversely, if the impacted wetland had a substantially lower function 
than the replacement wetland, then the applicant may have to mitigate less area. This 
approach to functional no net loss is illustrated by the following COE regulatory 
guidance:
For wetlands, the objective is to provide, at a minimum, one-to-one functional 
replacement.. .with an adequate margin of safety to reflect anticipated success. 
Focusing on the replacement of the functions provided by a wetland, rather 
than only calculation of acreage impacted or restored, will in most cases 
provide a more accurate and effective way to achieve the environmental 
performance objectives of the no net loss policy. In some cases, replacing the 
functions provided by one wetland area can be achieved by another, smaller 
wetland; in other cases, a larger replacement wetland may be needed to 
replace the functions of the wetland impacted by development. (USACE 
2002, 2-3)
While the general scientific consensus is for functional replacement, some authors 
argue that replacement should never be less than 1:1 in area as well as function and, in 
fact, should be much higher. The desire for higher mitigation ratios is driven by the 
significant failure rate of wetland mitigation projects as well as the severity of historic 
losses. Some researchers feel that even if mitigation is successful, the created system can 
never achieve the functional quality of the original (Castelle et al. 1992). As part of the 
study conducted by Castelle et al. (1992), a survey of 16 state programs was conducted to 
determine current mitigation ratios and guidelines. Ratios ranged from 0.5:1 to 8:1 with 
some specifying area, function and/or values. While the use of ratios by regulatory 
agencies is variable and subjective, research has shown that most mitigation ratios are 
currently too low to be effective in achieving no net loss of wetland area (Allen and 
Feddema 1996; NRC 2001; Robb 2002) or function (Sudol and Ambrose 2002).
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In 1994, the nationwide data gathered by the COE indicated a net gain of 20,800 
acres of wetlands (USACE 1995), but general statistics like these can be misleading. 
Several studies have indicated that one of the primary contributors to net loss of 
jurisdictional wetlands under Section 404 is the failure of mitigation projects (Race and 
Fonseca 1996; Brown and Lant 1999; NRC 2001; Robb 2002; Johnson, et al. 2002). Due 
to lack of funding within the regulatory program and project time constraints the success 
of mitigation projects are difficult to verify. This lack of information on the success of 
these projects adds further uncertainty as to the achievement of the no net loss goal.
2 .4  P r e v io u s  S t u d ie s
Several studies have been conducted to determine the effectiveness of regulatory 
permitting practices in preventing a net loss of wetlands and on the effectiveness of 
compensatory mitigation (Holland and Kentula 1992; Kentula et al. 1992; Sifneos et al. 
1992a; Sifneos et al. 1992b; Allen and Feddema 1996; Torok 1996; Mockler et al. 1998; 
Stein and Ambrose 1998; Johnson, et al. 2000; Robb 2002; Sudol and Ambrose 2002; 
Johnson, et al. 2002). The studies presented here chronicle the various approaches to no 
net loss and the changes in focus that have occurred over time.
Among the earliest Section 404 studies were four initiated in 1986 by the EPA’s 
Wetland Research Program to look at Section 404 permitting trends for California 
(Holland and Kentula 1992), Oregon and Washington (Kentula et al. 1992), Louisiana, 
Alabama, and Mississippi (Sifneos et al. 1992a), and Texas and Arkansas (Sifneos et al. 
1992b). As part of each study, the wetland area lost due to permitted impacts requiring 
compensatory mitigation was documented. Three of the four studies showed a net loss of
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wetland area ranging from 32.09 ha to 10,158.8 ha. The fourth study, conducted for 
California, only addressed those permits that required compensatory mitigation and did 
not reflect the loss of wetlands that did not require mitigation. All four studies illustrated 
the loss of specific types of wetlands due to out-of-kind mitigation. For example, in the 
Oregon study, Kentula et al. (1992) found that no ponds had been lost due to wetland 
impacts, yet 23% of the wetlands created were ponds.
In the studies for Oregon and Texas several factors influencing permitting trends were 
identified including economic development, demographic trends, the permitting system, 
land use regulations, and the increased use of compensatory mitigation. For example, the 
rapid economic growth in the Dallas-Ft Worth area began to threaten the remaining 
riparian woodlands which resulted in the extensive use of compensatory mitigation. 
These fours studies were an eye opening look at the effects of Section 404 permitting 
practices on the net loss of wetland area and function; however, none of these studies 
verified mitigation compliance or evaluated the loss of ecological functions.
Allen and Feddema (1996) furthered the study of net loss of wetlands under Section 
404 permitting by field verifying the success of required mitigation projects. Seventy- 
five Section 404 permits were issued between 1987 and 1989 in California resulting in 
80.47 ha of impacts and requiring a total of 111.62 ha of compensatory mitigation. After 
field-verifying the actual amount of mitigation that was completed, Allen and Feddema 
found that only 77.33 ha had met the mitigation requirements, resulting in an actual net 
loss of 3.14 ha. As in the previous net loss studies, out-of-kind mitigation resulted in a 
large net loss of freshwater wetlands while riparian woodlands were overemphasized in
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mitigation. The study also found that larger mitigation projects were usually more 
successful than smaller mitigation projects.
The 1996 study by Torok et al. was of particular interest because it compared the 
ability of the Section 404 program and the New Jersey Freshwater Wetland Protection 
Act (FWPA) to protect wetlands and achieve the goal of no net loss. While this study 
found that the FWPA resulted in a 64% decrease in average annual wetland impacts as 
compared to the Section 404 program between 1988 and 1993, neither program was 
effective in preventing a net loss of wetland acreage. The net loss of acreage under the 
FWPA resulted from the substantial failure o f the mitigation projects. Torok et al. 
attributes the inability to achieve no net loss to limitations in the current regulatory 
programs.
While acknowledging the positive focus that a goal of ‘no net loss’ can 
establish, we do not foresee such a goal being attained within the 
existing regulatory framework. (Torok et al. 1996, 751)
A majority of the studies conducted on no net loss in relation to the Section 404 
program were at the state or county level. Stein and Ambrose (1998) conducted one of 
the few studies that have examined the effect of Section 404 permitting on a small, 
habitat defined area. Their study attempted to determine if cumulative impacts had 
degraded the ecological integrity of the riparian habitat along the Santa Margarita River 
in Southern California which supports 70 species of concern, 30 of which are listed as 
endangered. Rather than addressing no net loss in the context of area, they looked at the 
net loss of ecological integrity for the riparian ecosystem. This study is significant 
because it does not look at the project by project effect of the Section 404 program, but at
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the cumulative effects of the permits in the context of the ecosystem. The authors found
that none of the projects resulted in the enhancement of endangered species habitat, open
space habitat or linear contiguity of habitats, but rather showed substantially adverse
degradation. Endangered species habitat experienced the smallest degree of adverse
impacts. The authors attribute this trend to the special conditions placed on permits that
affect endangered species.
The concentration of minimal impacts scores for the endangered 
species habitat criterion suggests that the addition of specific statutory 
requirements to minimize impacts to other criteria may be effective at 
reducing impacts to those criteria. (Stein and Ambrose 1998, 400)
Brown and Lant (1999) studied the effectiveness of mitigation banking as a method 
for achieving no net loss of area by evaluating 68 banks from across the United States. 
Bank service areas ranged from regional zones to entire states, allowing for a high 
potential of geographic displacement. In the evaluation of no net loss the acreage of 
impacts mitigated at enhancement or preservation banks was considered a net loss since 
these methods do not add to the existing wetland acreage. The authors concluded that the 
continued use of preservation and enhancement mitigation banks would lead to a net loss 
of wetlands acreage and that temporal loss and geographic displacement should be 
considered along with function and area when compensating for wetland losses.
Mockler et al. (1998) conducted a study of 29 mitigation sites in King County, 
Washington to determine wetland mitigation success and reasons for mitigation site 
failures. Evaluation for compliance showed that 6 mitigation sites (21%) were successful 
while 23 (79%) failed to meet the performance criteria. Site failures were attributed to 
poor design, improper installation or failed maintenance. While this study did not
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involve a no net loss of wetlands, it indicates that there are high rates of mitigation failure 
that can lead to a net loss of wetlands.
The results of the King County study were the impetus for two larger mitigation 
studies conducted for the entire state of Washington in 2000 and 2002. Phase 1 of the 
study conducted by Johnson et al. (2000) investigated forty-five mitigation sites and 
evaluated the degree to which each of the mitigation projects met their respective permit 
requirements. The study found that 69% of the mitigation sites had either not been 
implemented, were not implemented to plan or did not meet performance standards. 
Impacts totaling 98.5 acres required 577.94 acres of mitigation. The authors adjusted the 
mitigation acreage to reflect area lost due to preservation, enhancement and failed 
mitigation. The adjustments were calculated by subtracting the preservation and 
enhancement acreage as well as the mitigation acreage that was not implemented and 
then adjusting the remaining acreages based on their mitigation ratios. The adjusted 
result was 105.6 acres of mitigation for 98.5 acres o f wetland loss; however, since this 
study did not measure the wetland acreage at the mitigation sites studied, the 105.6 
number could not be verified and may be lower if any of the mitigation projects failed to 
meet their acreage requirement. The authors noted that small wetland impacts did not 
require mitigation because they were below the threshold value and recommended further 
study of the effect of cumulative wetland acreage loss resulting from small impacts.
Johnson et al. (2002) conducted an in-depth analysis of 26 wetland mitigation 
projects as part of Phase 2 of their study. The primary focus of the study was to 
determine if  the mitigation sites were successful from an ecological perspective including
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required acreage, performance standards, overall goals, compensation for functions, the 
scale of functions, on-site, off-site, in-kind, out-of-kind, and quality. Of the 26 projects, 
three were completely successful, eight were moderately successful, eight were 
minimally successful and five were not successful. Evaluation of the use of failure, 
enhancement and preservation resulted in a net loss of 24.18 acres.
Robb (2002) assessed mitigation sites in the state of Indiana in an attempt to 
standardize mitigation ratios to avoid a net loss of wetland acreage. Of the 345 
mitigation sites evaluated, 20% were incomplete and 14% were never even attempted. 
Thirty-one mitigation sites underwent a detailed investigation. Of the 34.33 ha of 
mitigation required to compensate for 13.73 ha of impacts, only 15.21 ha were created, 
resulting in a net gain in acreage, but a 44% failure rate for mitigation. Failure of 
mitigation sites for specific types of wetlands varied, resulting in a net loss of certain 
wetland types. For example, palustrine forested wetlands experienced a 71% mitigation 
failure rate.
Sudol and Ambrose (2002) evaluated 70 permits requiring compensatory mitigation 
issued in Orange County, California between 1979 and 1993. While the study 
determined that a net loss of 54 ha occurred, the primary focus was to compare the 
success of the mitigation projects in terms of their original permit conditions with the 
resulting success of the created wetland in terms of functional replacement. Each permit 
and its associated mitigation plan were reviewed and an on-site evaluation was 
conducted. Each site was rated based on original success criteria and on the resulting 
habitat quality. Evaluation of the mitigation sites based on success criteria indicated a
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55% success rate while evaluation based on habitat function had a success rate of 16%, 
indicating that the original success criteria did not adequately address functional 
replacement. While the success rate could have been improved by enforcement, the 
authors identified inadequate mitigation success criteria and monitoring plans as 
contributing to unsuccessful mitigation. They recommended avoiding those mitigation 
practices, such as irrigation, that are unlikely to produce self-sustaining wetlands.
Previous studies looked at various aspects of Section 404, no net loss and 
compensatory mitigation at different scales and for different study areas. While studies 
indicated an on-going net loss of wetlands, it is clear that over the past two decades there 
has been progress in regulatory policy resulting from the adoption of the no net loss goal. 
The early studies indicated that mitigation was not required for many impacts. The focus 
on no net loss increased awareness of the need for mitigation and the regulatory program 
responded by increasing the requirement for compensatory mitigation. As mitigation 
became more prevalent, studies shifted to evaluate the effectiveness of the mitigation 
required by determining its degree of success. Increased focus has also been put on 
function and quality as well as in-kind mitigation.
The literature indicates that regulation under Section 404 has been changing in an 
attempt to meet the goal of no net loss; however, despite these changes, a net loss of 
wetlands is still occurring. The continual evaluation of Section 404 regulations and their 
implementation is necessary in order to identify deficiencies that could lead to a net loss 
of wetlands.
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C h a p t e r  3 
S t u d y  A r e a : T h e  S a n t a  R o s a  P l a in
The coterminous United States lost an estimated 53% of its wetlands between 1780 
and 1980 (Dahl 1990). California lost an estimated 91% of its wetlands during this same 
time period (Dahl 1990). This staggering loss of wetland resources and the realization of 
the value of wetlands have led to an increased awareness for the need to protect and 
conserve existing wetland resources. The Santa Rosa Plain (Plain) located in Sonoma 
County, California, is one of the few locations known to support vernal pools, a very rare 
type of seasonal wetland. In recent years the vernal pools of the Plain have been 
increasingly threatened by economic development and population growth. In a finite 
area, such as the Plain, where urban development is competing with wetland 
conservation, only the effectiveness of the wetland regulations and the proper use of 
mitigation can ensure the survival of this unique wetland resource.
3.1  S a n t a  R o s a  P l a i n : P h y s ic a l  C h a r a c t e r is t ic s
The Santa Rosa Plain is a sub-basin of the Santa Rosa Valley located in Sonoma 
County, California. The Plain is bounded on the north and northwest by the Mendocino 
Range and Russian River plain and is separated from the Petaluma Valley basin to the 
south by a series of low hills. The Sonoma Mountains and the Mayacamas Mountains 
bound the eastern portion of the Plain (CA DWR 2004). The boundary of the Plain used 
by regulatory agencies has been adjusted in places to match rivers and roads (Figure 3.1 
and Figure 3.2). The Plain encompasses 81,000 acres (USDOI 1998) and includes Santa
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Figure 3.1: Topography of Sonoma County, California
Figure 3.2: Santa Rosa Plain Study Area, Sonoma County, California
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Rosa Creek, Mark West Creek, Roseland Creek and their watersheds as well as the 
Laguna de Santa Rosa and its floodplain (CH2M HILL 1995). The area receives a 
majority of its rainfall during the winter and spring with annual totals ranging from 13 
inches to 50 inches and averaging 30 inches (Patterson et al. 1994). Topographically, the 
area is characterized by a network of low gradient (0.5 to 2% slope) swales and small 
hills. Most of the soils in the area are poorly drained with high clay content and are 
characterized by vertisols, dense clay horizons and hardpans (Patterson et al. 1994). The 
combination of soils, subsurface barriers, low gradients and high rainfall contribute to 
ponding of water in the winter and spring throughout the Plain. Figure 3.3 shows vernal 
pools forming at the Wright Preservation Bank and illustrates the subtle topography of 
the Plain.
Figure 3.3: Early ponding of vernal pools at the Wright Preservation Bank on 
the Santa Rosa Plain (December 2004)
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Historically, the area supported a mosaic of wetlands and uplands which included oak 
woodland, savanna, and grasslands. The grassland areas were characterized by swales 
and specialized seasonal wetlands known as vernal pools (CH2M HILL 1995). Vernal 
pools are located in relative topographic lows within the swales and range in size from a 
few square feet to more than one acre. Pool depths range from 1 to 2 inches for a few 
weeks to more than 2 feet deep with inundations lasting more than four months (Patterson 
et al. 1994). The definition of the term “vernal pool” has varied within the literature and 
over time, but is generally defined as a type of seasonal wetland characterized by the 
presence of vernal pool plant species and which undergoes four phases: a wetting phase, 
an aquatic phase, a drying phase and a drought phase (Zedler 2003). Vernal pools within 
the Plain are inundated in late winter and early spring when temperatures are appropriate 
for plant growth. Pool size, depth and duration will vary from year to year depending on 
rainfall. Individual pools within the vernal pool complexes will connect via the network 
of swales, creating temporary, larger pools. In the late spring and early summer the pools 
begin to dry and eventually undergo an extended period of extreme desiccation. It is 
during this drought phase, when the pools appear as dry, extremely shallow depressions, 
that they can easily be missed by an untrained observer. In Figure 3.4, the naturally 
occurring vernal pool is recognizable in the spring by the vegetation which differentiates 
it from the surrounding meadow; however, it is much more difficult for the casual 
observer to identify the vernal pool in the summer, as illustrated in Figure 3.5. Figures 
3.6 and 3.7 show a restored vernal pool in the spring and summer, respectfully.
37
House
y . ™  >
* * v l
Figure 3.4: Vernal pool at the Crane Site (April 2005)
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Figure 3.5: Dry vernal pool at the Crane Site (July 2005)
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Figure 3.6: Vernal pool at the Alton Lane Site (April 2005)
Buildings
H I  B O !
0  2005 C. Patterson
Figure 3.7: Dry vernal pool at the Alton Lane Site (July 2005)
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Seasonal wetlands, such as vernal pools, are often undervalued because they appear 
as marginal habitats; however, the flora and fauna of vernal pools are uniquely adapted to 
the extreme conditions which occur in these seasonal wetlands and arc completely 
dependent on them for their survival (Zedler 2003). These specialized organisms must be 
able to complete their life cycle during the wetting and aquatic phases and have some 
mechanism by which to survive periods of extreme drought. Figure 3.8 shows 
Sebastopol meadowfoam (Limnanthes vinculans), a federally listed endangered plant, 
growing along the margin of a vernal pool and illustrates the extreme environmental 
conditions. Vernal pools are considered one of the rarest and most endangered 
ecosystems in the world (CH2M HILL 1995) and are limited to parts of California, South 
Africa, Chile and Australia (Patterson et al. 1994).
Figure 3.8: Sebastopol meadowfoam {Limnanthes vinculas) at the Horn
Mitigation Bank (April 2005)
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The Santa Rosa Plain is estimated to have lost 85% of its vernal pools. This extreme 
loss is of particular concern since the vernal pools on the Plain support four endangered 
plants: Burke's goldlields (Lasthenia hnrkei), Sebastopol meadowfoam (Limnanthes 
vinculans), Baker’s Blennosperma aka. Sonoma sunshine (Blennosperma hakeri), and the 
Many-flowered navarretia (Navarretia leucocephala ssp. plieantha). Examples of 
Sebastopol meadowfoam (white) and Sonoma sunshine (yellow) can be seen in Figure 
3.9. Figure 3.10 is a close up of Burke’s goldtields growing in a naturally occurring 
vernal pool at the Crane site and Figure 3.11 shows an example of the Many-flowered 
navarretia.
Figure 3.9: Sebastopol meadowfoam (white) and Sonoma sunshine (yellow)
along the edge of a recently restored vernal pool at the Horn Mitigation Bank
(April 2005)
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Figure 3.10: Close up of Burke’s goldfickls (Lasthenia burkei) at the Crane
Site (April 2005)
© 1998 Dean Wm. Taylor
Figure 3.11: Many-flowered navarretia
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Figure 3.12 shows Burke’s goldfields (yellow) in a large, restored vernal pool and 
Figure 3.13 shows Sebastopol meadowfoam in a recently restored vernal pool. The 
endangered plants often grow along the margins of the pools, resulting in a ring effect.
Figure 3.12: Burke’s goldfields (Lasthenia burkei) (>ellow) growing along the 
edge of a restored vernal pool at the Alton Lane Site (April 2005)
Figure 3.13: Sebastopol ineadowfoani (Limnanthes vinculans) (white) rings a
recently restored vernal pool at the Horn Mitigation Bank (April 2005)
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All of these plants, with the exception of Many-flowered navarretia, are largely 
endemic to the Plain. Vernal pools on the Plain also support 50 sensitive plant taxa, 30 
taxa of high concern and 40 taxa of secondary concern (Patterson ct al. 1994). As 
development pressure increases and available habitat decreases, it is possible that more 
species will become state or federally listed as threatened or endangered. Recently the 
California Tiger Salamander (Ambystoma tigrinum californiense) (CTS) was federally 
listed as threatened. The vernal pools within the Plain are critical for the continued 
preservation of these threatened and endangered species.
3 .2  S a n t a  R o s a  P l a i n : L a n d  U se
It is estimated that in the past century 85% of the functional vernal pool habitat on the 
Plain has been adversely affected by direct or indirect impacts from human activity 
(Patterson et al. 1994; CH2M HILL 1995). Direct impacts, such as wetland draining, 
wetland fill and discing, have led to the destruction of wetlands, while the indirect 
impacts resulting from dewatering (e.g. channelization, ditching, and drainage) and 
artificial watering (e.g. irrigation and wastewater disposal) have radically altered the 
hydrology of the vernal pools on the Plain. Agricultural and urban land use practices 
have also resulted in the fragmentation and substantial degradation of the vernal pool 
ecosystem. It is believed that none of the remaining vernal pools on the Plain escaped 
degradation under these practices (Zedler 1987; Patterson et al. 1994).
The wetlands on the Plain perform a variety of functions including flood storage, 
nutrient cycling, sediment trapping, pollution removal, recreation, wildlife habitat and 
food chain support (CH2M HILL 1995). The most recent trend in land use has been the
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increased urbanization that has occurred over the past 40 years. The population of the 
City of Santa Rosa, the largest city in the study area, has grown from 15,000 in 1949 to 
147,595 in the year 2000. Rapid urbanization along with intensive agriculture has 
continued to deplete the wetland resources of the Plain. Figure 3.14 is a map of urban 
boundaries and streets which help to illustrate the extent of urbanization on the Plain.
3 .3  S a n t a  R o sa  P l a i n : R e g u l a t io n  a n d  t h e  P r o g r a m m a t ic  P e r m it
In 1991, residents and agencies concerned about conservation of wetlands on the 
Plain joined forces to develop the Vernal Pool Ecosystem Preservation Plan (VPEPP) 
which, in part, addressed the issue of how to achieve sustainable development on the 
Plain. Sustainable development is a balance between economic growth and conservation 
and is based on the understanding that it is not possible to support infinite growth within 
a finite system (Pezzoli 1997).
Any project on the Plain that would result in an impact to a seasonal wetland that may 
support an endangered species requires the COE to initiate a Section 7 consultation with 
the FWS which is responsible for the protection of endangered species. The FWS 
reviews the site and determines if the impact will affect an endangered species and what 
mitigation would be required. This interagency interaction can increase the permitting 
time up to many months, so a primary concern of developers was to find a way to 
streamline the permitting process (CH2M HILL 1995). Agencies recognized that 
conservation of vernal pools could not be readily accomplished on a permit by permit 
basis and would require a comprehensive conservation plan for the entire Plain.
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Figure 3.14: Urbanization on the Santa Rosa Plain
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The VPEPP was completed in 1995, and outlined the steps and guidelines for 
preservation of the vernal pool ecosystem. In 1998, in response to a Section 7 
consultation initiated by the COE, the FWS issued a biological opinion (BO) on the Santa 
Rosa Plain in reference to the four federally listed plants occurring within the Plain. This 
BO set the guidelines of the programmatic permit specifying permit conditions, 
maximum acreage that could be affected, mitigation requirements and ratios. The 
programmatic permit was intended to streamline the permitting process for impacts to 
low quality wetlands of less than three acres. As a result, the COE would not need to 
consult with the FWS for impacts on the Plain unless the impact affected high quality 
wetlands or the total wetland impact of the project exceeded the three acre limit. The 
programmatic permit was to act as an interim measure to ensure that habitat on the Plain 
was not adversely affected while the FWS prepared a draft of the Central Valley Vernal 
Pool Multiple Species Recovery Plan. After the plan was completed the programmatic 
permit would be reevaluated to ensure it was consistent with the goals; however, no draft 
of the plan has been released.
The programmatic permit sets a total acreage limit of 50 acres for wetland impacts of 
which no more than 30 acres may be occupied or presumed to be occupied by one of the 
four federally listed plants. Applicants are encouraged to conduct a two year plant survey 
for the endangered plants prior to applying for a permit. If the surveys are not conducted, 
the site is presumed to be occupied by the endangered plants. Of the 30 acres occupied or 
presumed occupied, no more than six acres may have a known record of the listed plants
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(USDOI 1998). Any impacts which exceed these criteria would need to be reviewed by 
the FWS.
The programmatic permit requires a combination of mitigation via restoration/ 
creation and preservation. The loss of any wetland acreage is required to be mitigated via 
restoration/creation, while the loss of any known or potential endangered plant habitat 
must be mitigated via preservation. For example, if one acre of wetland is filled, the 
applicant would be required to create one acre of wetland to meet COE wetland 
mitigation requirements and preserve one acre of endangered species habitat to meet 
FWS habitat mitigation requirements. If an endangered plant exists at the impact site, 
only the acreage occupied by the plant is considered habitat; however, if no plants are 
present, the entire acreage of the wetland impact is assumed to be habitat.
Ratios are used to adjust mitigation to offset temporal loss for wetlands and to offset 
quality loss for preservation. Wetland restoration/creation mitigation is required at 1.5:1 
if mitigation is concurrent with the impact and is allowed at 1:1 if one year of successful 
hydrology has been demonstrated. Creation and preservation ratios are as shown in Table 
3.1. Mitigation ratios are typically higher if mitigation is not at a bank or other FWS 
approved site.









Surveyed - Plants Found 2:1 3:1 1:1 1.5:1
Surveyed - No Plants Found 1:1 2:1 1:1 1.5:1
Not Surveyed - Assume Plants 2:1 3:1 1:1 1.5:1
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The programmatic permit also requires that mitigation occur within the same 
geographic unit as the impact. The Plain was subdivided into northern, central and 
southern units (Figure 3.15). The mitigation sub-units are used to reduce geographically 
disproportionate wetland losses and ensure that habitat is conserved throughout the entire 
range of the four plant species (USDOI 1998).
When an applicant files for a permit on the Plain, the District will determine if the 
permit meets the requirements set by the programmatic permit and if it does, it will be 
“appended.” The term “appended” indicates that the wetland impact met the special 
criteria and the applicant must abide by the mitigation requirements set forth in the 
programmatic permit. For appended permits, the wetland acres affected will count 
towards the maximum impacted acreage allowed under the programmatic permit. Since 
the mitigation ratios for the programmatic permit are set at 1:1 and 1.5:1, the application 











Figure 3.15: Mitigation Units on the Santa Rosa Plain
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Concern over the further degradation of the vernal pool ecosystem and a greater 
understanding of its uniqueness, has led to increased regulatory oversight. Wetland 
impacts on the Plain arc measured in thousandths o f an acre and all impacts, no matter 
how small, require mitigation. In a finite system such as the Plain, where land use 
pressure is high, urban development is on-going, and available land is limited, mitigation 
is costly. Sites containing numerous wetlands or high quality wetlands may be too 
difficult or costly to mitigate; however, developers on the Plain have turned this to their 
advantage by converting these parcels into mitigation banks. Creation/restoration banks 
on the Plain sell mitigation for as much as $400,000 per acre and costs may increase in 
the future. Currently, all of the creation/restoration and preservation banks on the Plain 
are sold out, though several have been constructed and are pending approval by the 
appropriate agencies. Figure 3.16 is a picture of the Horn Mitigation Bank which was 
constructed one year ago and is currently pending approval.
■ ; ■ i
Figure 3.16: Horn Mitigation Bank: This one year old restoration bank is still 
pending approval (April 2005)
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With the frequent use of compensatory mitigation to offset wetland losses, it is 
important to carefully assess the long term viability of mitigation sites. The size and 
distribution of restored and created wetlands within the Plain is an important factor in 
assessing the effectiveness of compensatory mitigation. While the COE emphasizes 
avoidance and on-site mitigation where possible, small wetland complexes of less than 
five acres are more vulnerable to indirect impacts and more likely to fail (Patterson et al. 
1994). A study conducted by Craig (1996) showed that wetlands within 200 meters of 
urban influences will degrade over time. A classic example of the vulnerability of small 
wetlands without adequate buffers is the Pioneer 2000 site located in Santa Rosa, 
California. This site had a high quality vernal pool containing Burke's goldfields. When 
an apartment complex built on the site, the developers avoided the vernal pool by 
building around it. The vernal pool was fenced and rose bushes were planted around the 
perimeter of the pool as seen in Figure 3.17.
Figure 3.17: Rose bushes around a degraded vernal pool at the Pioneer site
(April 2005)
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A sign in front of the wetland explains the importance of vernal pools and how this 
unique habitat has been preserved. The proximity of the apartment complex has resulted 
in significant degradation to the wetland and its ability to support Burke’s goldfields. 
Figure 3.18 shows a downspout from the apartment complex just a few feet from the edge 
of the vernal pool. The proximity of the wetland to urban influences, such as increased 
run-off, resulted in the loss of the Burke's goldfield habitat. The wetland has been 
overtaken by invasive species as seen in Figure 3.19. Inappropriate use of avoidance and 
on-site mitigation in urban areas can lead to “postage stamp” wetlands that will 
ultimately degrade to the point where they are no longer functional.
Figure 3.18: A downspout from an apartment building discharges two feet 
from the edge of the vernal pool, radically changing its hydrology
(April 2005)
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Figure 3.19: The Pioneer vernal pool has been overtaken by invasive species 
and can no longer support endangered vernal pool plants (April 2005)
Regulatory mitigation practices on the Plain have changed over time to foeus on the 
development and preservation of high quality, sustainable, seasonal wetlands. Political 
and economic pressures, regulatory limitations and the lack of value that society often 
places on wetland^ are at constant odds with the conservation of wetlands. The 
regulatory agencies are challenged by managing and conserving multiple, and sometimes 
competing, wetland resources in light o f ever intensifying land use and declining open
space.
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C h a p t e r  4
D a t a  a n d  M e t h o d o l o g y
The primary focus of this study is the examination of net loss and mitigation trends 
for seasonal wetlands on the Santa Rosa Plain. This study includes all final Section 404 
permits affecting seasonal wetlands and issued within the boundaries of the Santa Rosa 
Plain between July 17, 1998 and December 31, 2004. July 17, 1998, is the date when the 
programmatic permit for the Plain became effective. The review of all electronic and 
paper files occurred on-site at the U.S. Army Corps of Engineers’ San Francisco 
District’s Regulatory office over a period of four weeks.
4.1  D a t a  C o l l e c t io n
The first step in the data collection process was to determine which permits had been 
issued on the Plain during the time frame of the study. All permits issued by the San 
Francisco District (District) must be entered into the Regulatory Analysis and 
Management System (RAMS) database which holds selected permit information. 
Though the RAMS database can hold latitude and longitude coordinates for each permit, 
the District has not historically entered this information, making a query based on spatial 
criteria difficult. The database was queried for all final permits issued in Sonoma County 
between July 17, 1998 and December 31, 2004. An additional 130 permits in the RAMS 
database did not have a county name entered; therefore, it was necessary to determine if 
any of these permits were issued in Sonoma County by examining the electronic permit 
letter or paper file for each permit. Figure 4.1 outlines the process used to determine 





Eliminate permits issued in cities 
outside the Plain
Determine if permit was appended to 
the programmatic
Locate paper file and record relevant 
information
Map location of impact and location of 
mitigation
Query RAMS for all final permits 
issued between July 17, 1998 and 
December 31, 2004 in Sonoma County, 
CA
Eliminate permits that did not involve 
impacts to seasonal wetlands
- Check electronic permit letter
- If not found, pull paper file and determine 
location from permit letter
Determine location of impact and 
eliminate those permits issued outside 
the Plain
- Check RAMS database for address
- If not found, check electronic permit letter
- If not found, pull paper file
Figure 4.1: Data Collection Flow Diagram
A total 260 final permits were found to have been issued in Sonoma County during 
the study period. Eighty-one of the permits were issued in cities known to be well 
outside the boundary of the Plain and were subsequently eliminated. To determine which 
of the 179 remaining permits were within the study area, the actual location of each 
impact site was determined. The most useful information for determining the location 
was the site address which was occasionally entered in RAMS as the project name. In
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most cases RAMS lacked adequate information to locate the impact; therefore, it was 
necessary to access the electronic permit letter to obtain the address or description of the 
impact location.
While the RAMS database contained information on the type of work conducted at 
each permitted site, it did not contain the type of wetland that was affected. The 
electronic letters and, when necessary, paper files were reviewed for each permit within 
the Plain to determine if the impact resulted in the filling or grading of a jurisdictional 
seasonal wetland. Those permits that only affected riparian wetlands were eliminated. If 
a permit affected a combination of riparian and seasonal wetlands, only the acreage 
associated with the seasonal wetlands was used. It was determined that 52 permits met 
the study criteria.
The paper files for all 52 permits were located and evaluated. Permit files ranged in 
size from twenty pages to several hundred pages. The acreage of lost wetlands and the 
resulting mitigation acreage were the two most critical pieces of information necessary to 
answer the question of no net loss. While the RAMS database has fields to hold this 
information, many of the entries were found to be incomplete or incorrect; therefore, all 
acreage information concerning impacts and mitigation was determined using the 
documentation located in the paper files.
Each file was reviewed and the following information recorded for each permit:
Project Number -  The number used by the RAMS database for a regulatory action 
Project Name -  The name assigned to the project within the RAMS database 
Project Description -  Project description varied based on the information included in the file and 
could include a description of the work done, the type of project, the total project area, etc.
Type of Work -  Filling or grading
Area of Impacted Wetlands -  The actual wetland acreage that was lost
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Wetland Types Affected -  While a majority o f the impacts were seasonal wetlands, some were a 
combination of different wetland types
Presence of endangered species -  List o f any endangered species currently or historically at the 
site. A note was made to indicate if two years o f plant studies were conducted 
Type of Permit -  The type of permit issued
Mitigation Required -  A description of the type and of mitigation required as specified in the 
final permit requirements including mitigation ratios and factors that may have influenced the final 
mitigation requirements
Mitigation Reported -  A description of the mitigation that was reportedly carried out by the 
applicant including final acreage, bank names, location of the mitigation
Mitigation Verification -  For off-site or on-site mitigation a note was made concerning the 
monitoring reports. For banks a note was made if  proof o f credit purchase was found in the file or 
the bank file
Other Agencies -  Note if any other agencies were involved (i.e. FWS, CDFG, etc.)
Other -  Any information which might be important including a timeline of events where relevant
A majority of the impacts met the special conditions outlined in the programmatic 
permit. As a result, these impacts required mitigation via preservation for habitat loss in 
addition to mitigation via restoration/creation for wetland loss. Habitat mitigation 
information was also recorded in order to evaluate the application of the programmatic 
permit.
Nine mitigation banks were used for compensatory mitigation on the Plain between 
July of 1998 and December of 2004. The files for these banks were located and reviewed 
for information related to credits sold, acreage, bank type, monitoring requirements, field 
verifications and to determine how crediting within the bank was structured. Bank files 
were also used to verify mitigation credit purchases when verification was not found in 
the permit file.
4.2 D a t a  M a p p in g
As each permit file was examined, the project boundary of the affected site and the 
boundary of the corresponding mitigation site were mapped as shapefiles using heads-up 
digitizing in ArcView 3.3 with high resolution Digital Raster Graphic (DRG) 1:24,000 
USGS quad sheets and a 1:24,000 Sonoma County parcel map obtained from Sonoma
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County for reference. On-site and off-site mitigation locations were mapped using the 
information provided by the compensatory mitigation plans located in the permit files. 
The mitigation bank sites were mapped based on the information provided within the 
individual bank files. All sites were assigned a unique identifier that was tied back to the 
permit identification number and other pertinent information.
It was not possible to map the individual wetlands affected within each project 
boundary or the individual wetlands created for mitigation. This was primarily due to the 
small size of the seasonal wetlands which were delineated on detailed paper maps at 
extremely large scales; as a result, these maps lacked adequate information for 
georeferencing.
4 .3  N o  N e t  L o s s
The most basic measure of no net loss of wetlands is area. An evaluation of net loss 
or gain by area excludes other important aspects of wetlands such as location, function, 
quality or age; however, area is commonly used because it is easily quantified, while the 
other aspects are more subjective or difficult to determine. This study examines three 
facets of no net loss on the Plain. The first part will be an evaluation of unadjusted no net 
loss based on the acreage of impacts and required mitigation. To examine the effects of 
mitigation failure and the use of enhancement on no net loss, the adjusted no net loss will 
be calculated. The last part will assess the potential net loss that could still occur by 
looking at verification of the unadjusted no net loss.
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4 .3 .1  U n a d j u s t e d  N o  N e t  L o s s  o f  A r e a
The quantification of unadjusted no net loss of area is simply the difference between 
the total wetland acreage lost and the total wetland acreage gained via mitigation. As 
each permit was reviewed three numbers were recorded: acres impacted, required 
mitigation and reported mitigation. Required mitigation refers to the number of acres the 
COE requested to be mitigated in the formal permit letter while reported mitigation is the 
amount stated as being performed. A difference in required and reported mitigation 
acreage usually occurred when purchases were made from mitigation banks where credits 
were sold in set increments. For instance, an applicant may be required to mitigate 0.22 
acre, but the mitigation bank may only sell credits in 0.05 acre increments. The purchase 
of enough credits to cover the mitigation would result in a reported mitigation of 0.25 
acre. Since mitigation via preservation does not offset the loss of wetland area, only 
wetlands mitigated through restoration and creation were used in the calculation of no net 
loss.
To determine if there has been an unadjusted no net loss of wetland acreage on the 
Plain, the total acreage of the wetlands destroyed at each site was recorded and subtracted 
from the mitigation reported for each respective site to determine the net balance for each 
impact. The net balances for each impact were totaled to determine if a net loss, a net 
balance or a net gain had occurred for the overall study area.
4 .3 .2  A d j u s t e d  N o  N e t  L o s s  o f  A r e a
The unadjusted no net loss approach makes many assumptions, the foremost is that 
the mitigation was actually completed and successful. Another factor that can affect the
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number of acres that were effectively mitigated is enhancement. This section will focus 
on the loss of acreage resulting from mitigation failure and the use of enhancement.
To determine if the partial failure that occurred at one bank on the Plain affected no 
net loss, the number of successful wetland acres at the bank was divided by the number 
of acres sold from the bank to determine the success ratio. The mitigation acreage 
reported for each impact that mitigated at the failed bank was adjusted by multiplying the 
mitigation area by the success ratio to determine the actual acreage that was successfully 
mitigated for an impact. Those sites that did not have a known failure were assigned a 
success ratio of 1:1. All the mitigation areas were summed and the impacted acreage 
subtracted, resulting in a positive number for a net gain and a negative number if a net 
loss occurred.
Success Ratio = Acreage Created/Acres Sold
Acreage Adjusted for Failure = Reported Mitigation * Success Ratio
No Net Loss Adjusted for Failure = YAcres Impacted -  £  Acreage Adjusted for Failure
Mitigation via enhancement technically does not compensate for the loss of wetland 
acreage since enhancement occurs on wetlands that already exist. To determine if there 
was a net loss of wetland acreage due to enhancement, the Bank Enabling Instruments 
(BEI) for each creation bank were reviewed to determine if creation credits were given 
for enhancement of existing wetlands. For each bank that received creation credit for 
enhancement the total number of acres created was divided by the total number of acres 
sold to determine the equivalent credit ratio. For example, if a mitigation bank had three 
acres of created wetlands and received two acres creation credit for enhancing four acres 
of existing wetlands, the bank would receive a creation:sold ratio of 3:5 or 0.6:1. For
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every impacted acre mitigated at this bank only 0.6 acre would be effectively mitigated, 
the remaining 0.4 acres would be considered a loss due to enhancement.
Equivalent Credit Ratio = Acreage Created/Acres Sold
To determine if any net loss resulted from the use of enhancement, the equivalent 
credit ratio was multiplied by the reported mitigation acreage for each impact. Sites that 
had no enhancement had a ratio of 1:1 and sites that did not require mitigation had a ratio 
of 0:1. The resulting number reflects the acreage actually mitigated for each impact. 
Sites that were mitigated at more than one location were broken out by mitigation site 
and the appropriate ratio was applied to each mitigation area. The net balance was 
calculated by subtracting the impacted acreage from the adjusted mitigation acreage for 
each site. The net balance from each site was summed to show if a net gain or loss had 
occurred due to enhancement.
Acreage Adjusted for Failure = Reported Mitigation * Equivalent Credit Ratio
No Net Loss Adjusted for Enhancement = J^Acres Impacted -  £  Acreage Adjusted for Enhancement
Since the use o f enhancement only occurred at mitigation banks during the time 
frame of this study, those impacts occurring at banks were isolated to determine the 
degree that enhancement affected no net loss at banks. To determine the effect of 
enhancement on no net loss at banks, any permit not mitigated at a bank was removed 
from the data set and the mitigation acreage was adjusted for enhancement using the 
equivalent credit ratio. The total adjusted mitigation was subtracted from the total 
acreage of impacts mitigated at banks to determine the no net loss value.
To assess the combined effects of failure and enhancement on no net loss, the total 
adjusted acreage was determined by multiplying each reported mitigation value by its
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respective failure and the equivalent credit ratios. The resulting adjusted acreage for each 
impact was summed and subtracted from the total acres impacted to determine if a no net 
loss occurred,
Total Adjusted Acreage= Reported Mitigation * Success Ratio * Equivalent Credit Ratio 
Total Adjusted No Net Loss = YAcres Impacted -  £  Total Adjusted Acreage
4 .3 .3  A s s e s s in g  P o t e n t ia l  N e t  L o s s  - V e r if ic a t io n
Studies conducted by Allen and Feddema (1996) and Torok et al. (1996) have shown 
that while the Section 404 program appears to have achieved no net loss on paper, it has 
failed to achieve true no net loss due to incomplete or failed mitigation projects. As a 
result, no net loss figures can be misleading when the degree of compliance is unknown. 
To determine if a mitigation site is in compliance it is necessary to conduct a site visit 
and determine if the mitigation requirements stated in the permit have been met. Such a 
review is beyond the scope of this study; however, a no net loss figure has little meaning 
without an understanding of how much mitigation has actually occurred.
To gain an insight into the reliability of the unadjusted no net loss figure, the recorded 
mitigation for each impact was classified as either verified or unverified based on the 
available records. On-site and off-site mitigation projects usually require monitoring 
reports to be submitted to the District on an annual basis for up to five years. At the end 
of five years, the District conducts a field delineation of the created wetlands and 
evaluates their success against the criteria outlined in the original mitigation plan. Since 
none of the mitigation sites, even those older than five years, had undergone a final 
delineation, it was decided to consider a site verified if the submitted monitoring reports 
were up-to-date and had indicated that the original mitigation success criteria were being
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met. Each permit that utilized on-site and off-site mitigation was reviewed and the 
original monitoring requirements recorded. Any monitoring reports that were in the file 
were reviewed and the years for which they were submitted were recorded. Mitigation 
sites with monitoring reports overdue by more than one year were considered unverified.
Eight wetland creation banks were used to mitigate impacts within the Plain during 
the time frame of the study. All of these banks have been assessed for compliance and, 
with the exception of the Laguna bank, there have been no failures; therefore, any permit 
that had confirmation of the purchase of the correct number of credits at a compliant bank 
was considered verified. Those impacts that were mitigated at the failed bank were 
multiplied by the success ratio, as calculated in the previous section, to reflect the loss. 
Any impacts supposedly mitigated at banks that lacked confirmation were recorded as 
unverified.
With the exception of the one failed mitigation bank, the unadjusted mitigation 
acreages for each permit were used to determine the potential loss o f acreage due to 
unverified mitigation. The mitigation acreage for each site was multiplied by 0 if no 
proof of mitigation was found in the file and by 1 if adequate proof of mitigation was 
found. The resulting adjusted acreage was summed to determine the amount of verified 
mitigation. The amount o f unverified mitigation was determined by subtracting the 
verified mitigation from the reported mitigation.
4 .4  P r o g r a m m a t ic  P e r m it
A majority of the impacts in this study were appended to the programmatic permit 
implemented for the Santa Rosa Plain. The programmatic permit sets mitigation
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requirements and criteria for both wetland loss and habitat loss. Appended impacts are 
required to mitigate lost wetland acreage with wetland creation/restoration and lost 
habitat acreage with preservation. The programmatic permit sets a limit to the total 
number o f acres o f seasonal wetlands and habitat that can be impacted on the Plain; 
however, since there is no flag in the RAMS database to indicate if a permit was 
appended to the programmatic permit and no current accounting exists, it was necessary 
to review each permit file and determine if  the permit was appended. Any permit issued 
after July 17, 1998, for an impact to low-quality, seasonal wetlands less than three acres 
on the Plain should have been appended to the programmatic permit. If the permit met 
the criteria but was not appended, the reason why was recorded. Any anomalies in the 
application of the programmatic permit were noted and any permits that were in question 
were reviewed by a member of the regulatory staff for a final determination.
As each eligible permit was reviewed, the total acreage of impacts was recorded as 
programmatic wetlands. The acreage of any wetlands that were not properly surveyed for 
endangered plants was recorded as occupied/presumed. Any impacts to sites that had a 
documented occurrence of an endangered plant were recorded as historic/known acreage. 
The acreages for each category were summed and subtracted from the current acreage 
limits stated within the programmatic permit.
The programmatic permit specifies mitigation sub-units in which mitigation should 
occur. The impact and mitigation sub-units were recorded for each permit. Impacted 
acreage was totaled for each sub-unit and then subtracted from the total mitigation
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acreage that occurred within the sub-unit for both habitat preservation and wetland 
creation.
4 .5  C o m p e n s a t o r y  M it ig a t io n  T r e n d s
For the analysis of mitigation trends, the impacted acreage and the reported 
mitigation acreage were used. No adjustments were made for enhancement credit or 
failed mitigation since these were not factors that influenced the type of mitigation 
selected by the applicant. The project was considered on-site if the mitigation occurred 
on the same parcel as the impact or on an adjacent parcel. The project was considered 
off-site if the wetland creation occurred on a separate, non-contiguous parcel. All 
mitigation banks in the study were multi-user creation/restoration banks approved by the 
District; therefore, no mitigation conducted by means of preservation was used in the 
analysis.
4 .5 .1  U se  b y  M it ig a t io n  T y p e
Frequency of Mitigation Types
Off-site, on-site and mitigation banking have all been used for compensatory 
mitigation on the Plain. To determine the frequency of use for each mitigation type, the 
mitigation for each impact was categorized as either on-site, off-site, or banking. The 
number of projects for each mitigation type was summed and each total divided by the 
total number of projects and multiplied by 100 to determine the percentage for each. 
While some projects used multiple banks, no impacts were mitigated using more than one 
mitigation type. Since the frequency of use of each mitigation type is not directly related 
to the total acreage mitigated under each type, the acreage was totaled for each mitigation
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type, divided by the total mitigated acreage and multiplied by 100 to calculate the 
percentage of acreage for each type.
Size of Impact and Mitigation Type
There are many factors that influence the type of mitigation selected. The size of the 
area required to be mitigated is an important factor since it is a major component in 
determining the most cost effective type of mitigation. Possible trends in the size of the 
mitigation acreage in relation to the preferred mitigation type (on-site, off-site or 
banking) were examined by grouping permits based on the size of the reported 
mitigation. Mitigated acreage classes ranged from 0 to the largest impacted area and 
were broken into quarter acre intervals. The frequency of each type of mitigation was 
totaled for each quarter acre interval.
Mitigation by Proponent
Applicants or “proponents” were grouped into two general classes; private entities 
and public entities. Private proponents include private citizens or companies that develop 
the land for personal reasons or financial gain. Public proponents are those applicants 
associated with local government or other public entities that are undertaking projects 
that are for public use or in the public interest. Determination of the relationship between 
the proponent and the type of mitigation selected was made by categorizing each permit 
as either public or private. Public and private projects were subdivided into on-site, off- 
site or banking resulting in six classes (Public On-Site, Public Off-Site, Public Banking, 
Private On-Site, Private Off Site, Private Banking). The frequency of permits was 
totaled for each class.
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4 .5 .2  G e o g r a p h ic  D i s p l a c e m e n t
When mitigation occurs there is a geographical displacement between the destroyed 
wetland and the mitigation wetland. The degree to which this displacement occurs is an 
important factor to consider when examining mitigation trends. Geographical 
displacement can have a positive effect if the created wetland is in an area better suited 
for long term survival; however, if the geographical displacement is too great, the loss of 
function in an area could be detrimental. This section will examine the overall 
displacement of wetlands on the Plain and their relative movement in relation to urban 
boundaries on the Plain.
Mitigation banks have been accused of contributing to a greater geographic 
displacement (Brown and Lant 1999); however, the degree to which displacement occurs 
as a result of banking on the Plain is unknown. To show the relation between the type of 
mitigation selected and the displacement of the mitigation from the original point of 
impact, ArcView 3.3 was used to calculate the Euclidean distance between each impact 
site and its respective mitigation location in miles. The center points of the impact 
polygon and their respective mitigation polygons were used to determine the distances. 
Center points were calculated by ArcView 3.3 and each point was visually verified to 
ensure it was within the polygon.
For those impacts that were mitigated at more than one location, the distance from the 
impact to each of the mitigation sites was calculated and then multiplied by the 
percentage of the acreage mitigated at the respective site to determine the weighted 
distance. The weighted distances were totaled to determine the offset. Permits were
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grouped by their offset distance into 1 mile intervals ranging from 0 to the largest offset 
distance. The acreage for each type of mitigation was summed for each distance interval. 
Movement of Wetlands in Relation to City Limits
In order to determine if mitigation practices on the Plain are relocating wetlands away 
from degrading urban influences, the number of acres impacted and mitigated inside and 
outside the city limits were determined. The boundary of all the city limits in Sonoma 
County was obtained in shapefile format from the Sonoma County web site. The 
polygons representing the impact locations were overlayed with the city limits layer in 
ArcView 3.3 to determine which permits were issued within the city limits and which 
occurred outside. Permits were grouped into an inside group and an outside group and 
total impacted acreage within each was summed.
The polygons representing the mitigation locations were selected using the city’limits 
layer in ArcView 3.3 and divided into an inside group and an outside group based on 
their location with respect to the city limits. For those mitigation sites that fell within the 
city limits the acreage for each type of mitigation (on-site, off-site and banking) was 
summed. The same procedure was used for those mitigation sites outside the city limits 
to determine the total acreage mitigated for each type.
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C h a p t e r  5 
R e s u l t s  a n d  D is c u s s io n
5.1 D a t a  S e t
Fifty-two permits were issued for impacts to jurisdictional, seasonal wetlands on the 
Santa Rosa Plain between July 17, 1998 and December 31, 2004. Ten permits were 
processed as individual permits (IP), 42 permits were processed as nationwide general 
permits (NW) and 48 permits were subject to the special conditions under the 
programmatic permit. On-site, off-site and mitigation banking were all used as means to 
fulfill the compensatory mitigation requirements for 50 of the impacts, while two impacts 
did not require mitigation. Impacts ranged in size from 0.035 to 5.75 acres with a mean 
impact size of 0.584 The reported mitigation ranged from 0 to 5.75 acres with an average 
mitigation size of 0.651. All wetlands were mitigated in-kind and within the Santa Rosa 
Plain.
Table 5.1 presents a summary of the permits that met the research criteria and gives 
wetland acres impacted as well as the required and reported creation/restoration 
mitigation. The mitigation required for habitat preservation is presented in section 5.3, 
which addresses the programmatic permit. In some cases, the rounding of required 
mitigation acres resulted in more mitigation than was required. As such, the required 
mitigation refers to the acreage of mitigation as specified in the formal permit letter and 
the reported mitigation refers to the mitigation that was reported to be undertaken. The 
type of permit issued is listed for each impact. For nationwide permits, the specific type 
of activity under which authorization occurred is indicated by the nationwide condition
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Table 5.1: Summary of Data -  Impacts and Creation/Restoration Mitigation
The Acres Impacted, Required Mitigation and Reported Mitigation are reported in acres.









Permit Type Project Purpose
100 0.313 0.400 0.400 Bank NW39 Business Park
101 0.080 0.080 0.080 Bank NW18 Residential Subdivision
102 0.150 0.150 0.150 Bank NW26 Industrial Development
103 0.170 0.200 0.200 Bank NW26 Residential Development
104 0.080 0.080 0.100* Bank NW26 Residential Development
105 0.160 0.160 0.160 Bank NW39 Residential Subdivision
106 0.048 0.072 0.103* On-Site NW13,18 Park and Detention Basin
107 0.370 0.370 0.370 Bank NW26 Residential Subdivision
108 0.400 0.600 0.600 On-Site NW7,12,13, 26 Government Building
109 0.650 0.650 0.650 Bank NW26 Residential Development
110 0.520 1.500 1.500 Off-Site IP Wastewater Storage
111 1.330 1.330 1.500* Bank IP Residential Development
112 0.310 0.460 0.460 On-Site NW26 Gov. Training Center
113 0.450 0.450 0.450 Bank NW26,12,7 Residential Subdivision
114 0.090 0.100 0.100 Bank NW32 Commercial Building
115 0.040 0.080 0.080 Bank NW26 Residential Subdivision
116 0.071 0.000 0.000 NONE NW14,33 Road Improvements
117 0.440 0.450 0.450 Bank NW39 Residential Subdivision
118 0.035 0.050 0.050 Bank NW14 33 Road Improvements
119 0.300 0.300 0.300 Bank NW39 Residential Subdivision
120 1.000 1.000 1.000 Bank IP Residential Development
121 0.080 0.100 0.100 Bank NW39 Residential Development
122 0.260 0.260 0.260 Bank NW39 Residential Development
123 0.810 0.810 0.810 Bank NW26 Residential Development
124 0.300 0.300 0.300 Bank NW39 Industrial/Commercial
125 0.220 0.220 0.250* Bank NW26 Residential Development
126 0.380 0.550 0.430* Bank NW26 City Park
127 0.660 0.660 0.660 On-Site NW6 Ball Park
128 0.400 0.400 0.400 Bank NW26 Industrial Buildings
129 1.450 2.200 2.200 Bank IP Elementary School
130 0.100 0.100 0.100 Bank NW26 Mini Storage
131 0.250 0.250 0.250 Bank NW26 Automobile Showroom
132 0.180 0.180 0.180 Bank NW39 Residential Subdivision
133 0.260 0.300 0.300 Bank NW39 Residential Subdivision
134 0.580 0.700 0.700 Bank IP Outfall Structure
135 0.240 0.250 0.250 Bank NW39 Office building
136 1.220 1.220 1.220 Off-Site IP Residential Development
138 2.500 2.760 2.760 Off-Site IP Commercial Building
139 0.700 1.100 1.100 On-Site NW26 Commercial Building
140 0.065 0.050 0.050 Bank IP Commercial Building
141 0.040 0.040 0.050* Bank NW26 Mini Storage
142 0.615 0.650 0.650 Bank NW26 Commercial Building
143 0.550 0.550 0.550 Bank NW26 Apartments
144 5.750 5.750 5.750 Bank IP Office Building
145 0.800 0.800 0.800 Bank IP Residential Development
146 0.340 0.400 0.400 Bank NW26 Industrial Park
147 1.000 1.000 1.000 Bank NW26 Residential Development
148 0.300 0.300 0.350* Bank NW26 Residential Subdivision
149 0.174 0.200 0.200 Bank NW7,39 Apartments
150 2.690 2.700 2.700 On-Site NW26 Residential Subdivision
151 0.400 0.400 0.400 Bank NW39 Residential Subdivision
152 0.040______ 0.000_______ 0.000______ NONE NW27__________ Mitigation
Total 30.361 33.682______ 33.873_________________________________________
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number (e.g. NW39). A list of the nationwide conditions relevant to this study is 
available in Appendix A. A site number between 100 and 152 was randomly assigned to 
each project impact. The impacted acreage refers to the affected wetland area at the 
project site and often includes more than one wetland. All area measurements in this 
section are in acres unless otherwise specified.
5.2  N o  N e t  L o s s
5 .2 .1  U n a d j u s t e d  N o  N e t  L o s s  o f  A r e a
The unadjusted no net loss and mitigation ratios are a valuable indicator of how 
wetland regulators are applying regulations toward the achievement of no net loss. In the 
evaluation of unadjusted no net loss of wetland acreage, three sites experienced a net loss, 
22 sites experienced a net balance, and 27 sites experienced a net gain. A total of 30.361 
acres of wetland were impacted and 33.873 acres of mitigation were reported resulting in 
an unadjusted net gain of 3.512 aces of wetlands (Table 5.2).
Mitigation ratios ranged from 0:1 to 2.9:1 with an average ratio o f 1.1:1. Higher 
ratios were primarily employed to offset temporal loss, since mitigation would occur after 
the impact, and to reflect anticipated success for replacement wetlands that did not have 
one year of established hydrology. In cases where wetlands were of higher quality or 
known to support endangered plant species, a higher mitigation ratio was commonly 
used; however, one site (#140) known to contain Burke’s goldfields was mitigated at a 
lower ratio (0.77:1), though the reason was not specifically stated in the files.
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100 0.313 1.3:1 0.400 0.087
101 0.080 1:1 0.080 0.000
102 0.150 1:1 0.150 0.000
103 0.170 1.2:1 0.200 0.030
104 0.080 1:1 0.100 0.020
105 0.160 1:1 0.160 0.000
106 0.048 1.5:1 0.103 0.035
107 0.370 1:1 0.370 0.000
108 0.400 1.5:1 0.600 0.200
109 0.650 1:1 0.650 0.000
110 0.520 2.9:1 1.500 0.980
111 1.330 1:1 1.500 0.170
112 0.310 1.5:1 0.460 0.150
113 0.450 1:1 0.450 0.000
114 0.090 1:1 0.100 0.010
115 0.040 1:1 0.080 0.040
116 0.071 0:1 0.000 -0.071
117 0.440 1:1 0.450 0.010
118 0.035 1.4:1 0.050 0.015
119 0.300 1:1 0.300 0.000
120 1.000 1:1 1.000 0.000
121 0.080 1.25:1 0.100 0.020
122 0.260 1:1 0.260 0.000
123 0.810 1:1 0.810 0.000
124 0.300 1:1 0.300 0.000
125 0.220 1:1 0.250 0.030
126 0.380 1.4:1 0.430 0.050
127 0.660 1:1 0.660 0.000
128 0.400 1:1 0.400 0.000
129 1.450 1.5:1 2.200 0.750
130 0.100 1:1 0.100 0.000
131 0.250 1:1 0.250 0.000
132 0.180 1:1 0.180 0.000
133 0.260 1.1:1 0.300 0.040
134 0.580 1.2:1 0.700 0.120
135 0.240 1:1 0.250 0.010
136 1.220 1:1 1.220 0.000
138 2.500 1.1:1 2.760 0.260
139 0.700 1.6:1 1.100 0.400
140 0.065 0.77:1 0.050 -0.015
141 0.040 1:1 0.050 0.010
142 0.615 1:1 0.650 0.035
143 0.550 1:1 0.550 0.000
144 5.750 1:1 5.750 0.000
145 0.800 1:1 0.800 0.000
146 0.340 1.2:1 0.400 0.060
147 1.000 1:1 1.000 0.000
148 0.300 1:1 0.350 0.050
149 0.174 1.2:1 0.200 0.026
150 2.690 1:1 2.700 0.010
151 0.400 1:1 0.400 0.000
152 0.040 0:1 0.000 -0.040
Total 30.361 33.873 3.512
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All mitigation occurred in-kind and over 94% of the projects were mitigated with an 
equal or greater area of wetland. Though a formal Habitat Quality Evaluation was not 
conducted for every site, all of the wetlands impacted in this study were considered to be 
low quality. All wetland losses on the Plain were mitigated using creation or restoration 
so no apparent net loss resulted from the inappropriate use of preservation or 
enhancement.
Assuming that all mitigation was successful and that the replacement wetlands were 
equal or superior in quality, then the mitigation currently being required on the Plain 
appears to be adequate to achieve a no net loss of wetland area. This conclusion is 
consistent with the findings of other no net loss studies which have shown that regulatory 
agencies are achieving a no net loss of wetland area on paper (Allen and Feddema 1996; 
Torok 1996; Mockler et al. 1998; Johnson et al. 2000; Johnson et al. 2002; Robb 2002; 
Sudol and Ambrose 2002); however, requiring mitigation does not ensure that it is either 
completed or successful. To gain a better understanding of the true no net loss it is 
necessary to adjust the no net loss figures to reflect other factors such as success.
5 .2 .2  A d ju s t e d  N o  N e t  L oss o f  A r e a
Recent studies have shown that mitigation failure is an important contributor to the 
net loss of wetland area. A field evaluation is required to determine if  a mitigation 
project has failed to meet its success criteria for function or acreage. While not all 
mitigation sites have been assessed on the Plain, regulators at the District completed an 
evaluation of the banks utilized in this study. This information allows for quantification 
of all losses resulting from known mitigation failure. Mitigation failure was used to
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adjust the no net loss figures to give a clear indication of whether a net loss of wetlands is 
occurring. A complete list of tables relating to no net loss can be found in Appendix C.
Only one mitigation bank in this study, the Laguna Bank, experienced a failure. The 
bank attempted to restore/create 5.5 acres of wetlands but only 2.4 acres were successful, 
resulting in a 3.1 acre loss; a 43.6% success rate. The ratio o f acres created to acres sold 
(creation:sold) was 0.436:1, therefore, for every acre of impacted wetland that was 
mitigated at the Laguna bank, only 0.436 acres would be considered successful. Four 
projects were mitigated at the Laguna bank and were adjusted to reflect the failure (Table 
5.3). The four permits resulted in the impact o f 1.73 acres of wetlands of which only 
0.763 were successfully mitigated resulting in the loss of 0.967 acre. Since required 
mitigation for all sites resulted in a net gain of 3.512 aces of wetlands, the loss of 0.967 
acre due to bank failure did not result in an overall net loss of wetlands; however, as the 
evaluation of all mitigation sites was not possible for this study, there may be additional 
wetland losses not assessed here.









121 0.080 0.100 0.436 0.044 -0.036
131 0.250 0.250 0.436 0.109 -0.141
147 1.000 1.000 0.436 0.436 -0.564
151 0.400 0.400 0.436 0.174 -0.226
Total 1.730 1.750 0.763 -0.967
The District requires failed mitigation projects to correct any deficiencies or failures. 
The plan to correct for the wetland shortfall at the Laguna Bank in 2005 has been
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approved by the MBRT. The success o f this plan would compensate for the area lost due 
to the bank failure.
Though there was an apparent gain in acreage despite the failed mitigation, it is 
important to note the role that mitigation ratios play in assessing both areal and functional 
net loss. Higher mitigation ratios are often used to offset the loss that occurs due to 
mitigation failure; however, not all mitigation ratios are based solely on the likelihood of 
success. Mitigation ratios are often set at greater than 1:1 to offset temporal loss, out-of­
kind mitigation, geographic displacement, or loss of quality or value. If a mitigation ratio 
of 2:1 is necessary to offset a functional loss that occurred due to out-of-kind mitigation 
and the mitigation project has a 50% success rate, there would still be a no net loss of 
wetland area; however, the higher ratio was not selected to offset the potential failure but 
to offset functional loss. Consequently, there would be a no loss of area, but a loss of 
function would still have occurred. If the mitigation project was 100% successful in 
achieving the specified wetland acreage, but still did not meet the success criteria for 
functionality, then there would again be a no net loss of area, but a function loss. While a 
net gain or balance in area may occur, this apparent gain may obscure functional losses.
A review of BEIs for the mitigation banks on the Plain revealed a potential loss of 
wetland area resulting from the use of enhancement. Eight creation/restoration mitigation 
banks on the Plain were used for compensatory mitigation during the study period. Three 
of the banks received creation credits for the enhancement of existing wetlands. Since 
the use of enhancement does not add to existing wetland acreage, its use cannot 
counterbalance the loss o f wetland acreage.
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Table 5.4 expresses the number of acres created at each bank to the number of acres 
sold from each bank in the form o f a ratio (creation:sold). This ratio was used to adjust 
the mitigated acreage. For instance, the Hale Bank had a ratio of 0.621:1, indicating that 
for each acre wetland lost, only 0.621 acre of wetland were mitigated.










Laguna Phase I 2.40 5.50 0.463:1 3.1 ac Failure
Wikiup Bank 6.00 6.00 1:1 No Enhancement
Yuba Drive Bank 2.50 2.50 1:1 No Enhancement
Hale Bank 11.00 17.70 0.621:1 Enhancement Credit
SACMA 4.11 4.71 0.873:1 Enhancement Credit
SACMA II 1.90 2.70 0.704:1 Enhancement Credit
Five Creek Bank 8.50 8.50 1:1 No Enhancement
Engel Bank 4.30 4.30 1:1 No Enhancement
Table 5.5 shows the adjustments to mitigation acreages resulting from the use of 
enhancement. Since mitigation for a given impact may not always occur at one location, 
impacts mitigated at more than one location are listed in Table 5.5 as one impact value 
with two mitigation values.
After adjusting for enhancement, 30.844 acres of wetlands were mitigated via 
creation/restoration. While this is 0.483 acre more than the 30.361 acres required to 
achieve no net loss; it is 3.028 acres less than the number of acres initially required for 
mitigation. When the losses due to failure and enhancement were combined, there was 
an overall net loss of 0.504 acre of wetland area representing a 2% loss. Table 5.6 shows 



























































Table 5.5: Acreage Adjustments for Enhancements
Acres Reported Location Creation: Adjusted Net
Impacted Mitigation Sold______ Mitigation Balance
0.313 0.400_________ Engel__________ 1 0.400________ 0.087




0.160______ 0.160_______Yuba Drive________ 1__________0.160________0.000
0.048_______0.103_________On-Site__________1__________Q.1Q3________ 0.055
0.370______ 0.370_______Yuba Drive________ 1__________0.370________0.000
0.400_______0.600________ On-Site__________1__________0.600________0.200
0.650_______0.650________ SACMA_______ 0.873________ 0.567________-0.083
0.520_______1.500________ Off-Site_________ 1 1.500________ 0.980
1.330_______1.500_________ Engel 1__________1.500________ 0.170
0.310_______0.460________ On-Site__________1__________0.460________0.150
0.450 0.450 Five Creek________ 1__________0.450________0.000
0.090_______0.100_________Wikiup__________ 1__________0.100________0.010
0.040_______0.080_________ Engel  1______ 0.080________0.040
0.071_______0.000_________ None___________1__________0.000________-0.071
0.440_______0.450__________Hale_________ 0.621________ 0.279_______ -0.161
0.035_______0.050_______ SACMA_II______ 0.704 0.035________ 0.000
0.300 0.300__________Hale_________ 0.621________ 0.186_______ -0.114
1.00 0_______1.000__________Hale_________ 0.621________ 0.621________-0.379
0.080_______0.100________ Laguna__________1__________0.100________0.020
0.260_______0.260_______Five Creek________ 1__________0.260_______ 0.000
0.810_______0.810_______Unknown Bank_____ 1__________0.810________0.000
0.300_______0.300________ SACMA_______ 0.873________0.262_______ -0.038
0.220_______0.250_________Wikiup__________ 1__________0.250________0.030
0.380_______0.050_________Wikiup__________1__________0.050_______ -0.330
____________ 0.380______ Yuba Drive________ 1__________0.380________0.380
0.660_______0.660_________On-Site__________1__________0.660________0.000
0.400_______0.400________ SACMA_______ 0.873________ 0.349________-0.051
1.450 2.200_________ Engel__________ 1__________2.200________0.750
0.100_______0.100_________Wikiup__________ 1__________0.100________0.000
0.250_______0.250_________Laguna__________1__________0.250________0.000
0.180_______0.180 SACMA_______ 0.873________ 0.157________-0.023
0.260_______0.300__________Hale_________ 0.621________ 0.186_______ -0.074
0.580_______0.700________ SACMA_______ 0.873________ 0.611________ 0.031
0.240_______0.250_______SACMA II_______ 0.704________0.176_______ -0.064




0.040_______0.050_________ Hale________ 0.621________ 0.031________-0.009
0.615_______0.650_________Wikiup  1______ 0.650________ 0.035
0.550_______0.550_________Wikiup__________ 1__________0.550________0.000
5.750_______1.200_______Five Creek_________ 1__________1.200________-4.550
____________ 4.550__________Hale_________ 0.621________ 2.826________2.826
0.800_______0.050_________Wikiup__________ 1__________0.050_______ -0.750








30.361 33.873 30.844 0.483
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Table 5.6: Summary of No Net Loss Calculations
Net Loss Calculations 





Unadjusted No Net Loss 33.873 3.512
Adjusted No Net Loss (Failure) 32.886 2.525
Adjusted No Net Loss (Enhancement) 30.844 0.483
Adjusted No Net Loss (Failure and Enhancement) 29.857 -0.504
The use of enhancement played a more noteworthy role in reducing the total 
mitigated area, dropping the net wetland gain from 3.512 acres to less than half an acre. 
While the use of enhancement is not restricted to banks, banks were the only type of 
mitigation to employ enhancement during this study. Bank sponsors who wish to receive 
creation credit for enhancement must complete the enhancement prior to receiving credit. 
Net gains and losses were totaled for those impacts that were mitigated at banks (Table 
5.7). Detailed tables for these figures are located in Appendix C.
Table 5.7: Summary of No Net Loss Calculations for Banks Only
Net Loss Calculations for Banks Only 





Unadjusted No Net Loss 22.770 1.568
Adjusted No Net Loss (Failure) 21.783 0.581
Adjusted No Net Loss (Enhancement) 19.741 -1.461
Adjusted No Net Loss (Failure and Enhancement) 18.754 -2.448
As enhancement was used exclusively at banks during the time frame of this study, 
those impacts mitigated at banks were subset and evaluated to determine the effect of 
enhancement on no net loss in comparison to all impacts. The subset of bank only 
projects had 21.202 acres of wetlands impacts. As illustrated in Table 5.7, enhancement 
resulted in the net loss of 1.461 acres of wetlands, and, combined with failure, an overall 
net loss of 2.448 acres.
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The no net loss calculations for the subset o f projects mitigated at banks showed an 
11% loss of area while the no net loss for all projects resulted in only a 2% loss of area. 
The disparity in these numbers is due to the higher mitigation ratios often necessary for 
on-site and off-site mitigation. Mitigation guidelines for the Plain indicate that a 1.5:1 
mitigation ratio is required if  the replacement wetlands do not yet have one year of 
proven hydrology. In most cases on-site and off-site mitigation occurred concurrently 
with the impact so a higher ratio was required. When mitigating at banks on the Plain, a 
1:1 ratio was used for impacts unless there was a significant loss of quality between the 
impacted wetland and the replacement wetland or if the bank did not yet have one year of 
proven hydrology. During the time frame of this study, impacts mitigated at banks had 
an average mitigation ratio o f 1.05:1 while the average on-site and off-site mitigation 
ratios were higher at 1.35:1 and 1.67:1, respectively. The higher ratios required for on­
site and off-site mitigation obscure the effect of enhancement on no net loss of wetland 
area.
While the use of enhancement in banks may lead to a net loss o f area, effective 
enhancement may lead to a net gain in function and values. This tradeoff of functions 
and values for wetland area is not without merit. Often the probability o f success of 
wetland enhancement is much greater than wetland creation, which occurs on a site not 
known to have supported wetlands. Offering creation acreage credit for the enhancement 
of existing wetlands provides an economic incentive for bank sponsors to improve the 
quality o f existing wetlands instead of attempting wetland creation on upland sites.
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The mitigation guidance from the COE outlines the goal of no net loss of functions 
and values based on an accepted method for conducting functional site assessments 
(USACE 2002). Almost all site evaluation methods are time consuming and subject to 
the bias and expertise of the evaluator. The District currently uses the Habitat Quality 
Evaluation (HQE) method to assess the quality of a given wetland within the Plain. The 
creation credits given for enhancement are related on the increase in the HQE score based 
on the formula (current HQE -  previous HQE)/current HQE. For instance, if a wetland 
with an HQE of 50 is enhanced to a value of 100 ((100-50)/100 = 0.5) then for every acre 
of enhancement, the bank will receive 0.5 acre of creation credit. If a wetland with a 
HQE of 75 is enhanced to 150 ((150-75)/150*100), it would also receive 0.5 creation 
credit for each acre of enhancement, subsequently, the current method does not quantify a 
relationship between wetland area and wetland quality. While this method seems 
intuitive, it is not based on any scientific understanding of the trade off between 
quality/function and acreage. Determining an objective relationship between wetland 
functions and values and wetland acreage would be useful in quantifying and 
standardizing tradeoffs. Such a correlation would allow function to be quantified in the 
determination and reporting of no net loss.
5 .2 .3  A s s e s s in g  P o t e n t ia l  N e t  L o s s  -  V e r if ic a t io n
When quantifying no net loss, it is difficult to obtain an accurate value if the 
mitigation sites have not been checked for compliance. The no net loss calculated in the 
previous section (Table 5.2) was based on the assumption that all mitigation, except 
where documented, was completed and successful. Table 5.8 shows the acres o f verified
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and unverified mitigation. This table includes the adjustments for the documented partial 
failure that occurred at one mitigation bank, but does not contain adjustments for loss due 
to enhancements.
Even though all the mitigation banks were evaluated for success, the acreage 
associated with six projects mitigated at banks was considered unverified because no 
confirmation of bank credit purchases were found in the permit files or in the mitigation 
banking files. Four mitigation sites had no record of any monitoring reports and while 
five sites did have monitoring reports submitted, none were up-to-date in accordance with 
the monitoring report requirements. Of the 33.873 acres of reported mitigation only 
17.834 acres were verified as completed, leaving 16.039 acres of unverified mitigation. 
Table 5.9 contains a breakout of the number of acres verified by mitigation type.
82
Table 5.8: Verified Mitigation
NP -  No proof of credit purchase found in the files, NR -  No monitoring reports found in the file 












100 0 .3 1 3 0 .4 0 0 E n gel 0 0 0 .4 0 0 N P
101 0 .0 8 0 0 .0 8 0 S A C M A 1 0 .0 8 0 0.000
102 0 .1 5 0 0 .1 5 0 W ik iu p 1 0 .1 5 0 0.000
103 0 .1 7 0 0 .2 0 0 W ikiup 1 0 .2 0 0 0.000
104 0 .0 8 0 0 .1 0 0 W ikiup 1 0 .1 0 0 0.000
105 0 .1 6 0 0 .1 6 0 Y u b a  D rive 1 0 .1 6 0 0.000
106 0 .0 4 8 0 .1 0 3 O n -S ite 0 0 0 .1 0 3 N R
107 0 .3 7 0 0 .3 7 0 Y u b a  D rive 1 0 .3 7 0 0.000
108 0 .4 0 0 0 .6 0 0 O n -S ite 0 0 0 .6 0 0 N R
109 0 .6 5 0 0 .6 5 0 S A C M A 1 0 .6 5 0 0.000
110 0 .5 2 0 1 .500 O ff-S ite 0 0 1 .500 N R
111 1 .3 3 0 1 .500 E n gel 1 1 .500 0.000
112 0 .3 1 0 0 .4 6 0 O n -S ite 0 0 0 .4 6 0 M R
113 0 .4 5 0 0 .4 5 0 F iv e  C reek 1 0 .4 5 0 0.000
114 0 .0 9 0 0 .1 0 0 W ikiup 1 0 .1 0 0 0.000
115 0 .0 4 0 0 .0 8 0 E n gel 0 0 0 .0 8 0 N P
116 0 .071 0.000 N o n e 0 0 0.000 N M
117 0 .4 4 0 0 .4 5 0 H ale 1 0 .4 5 0 0.000
118 0 .0 3 5 0 .0 5 0 S A C M A  II 1 0 .0 5 0 0.000
119 0 .3 0 0 0 .3 0 0 H ale 1 0 .3 0 0 0.000
120 1.000 1.000 H ale 1 1 0.000
121 0 .0 8 0 0 .1 0 0 L agu n a 0 .4 3 6 0 .0 4 4 0 .0 5 6
122 0 .2 6 0 0 .2 6 0 F ive  C reek 1 0 .2 6 0 0.000
123 0 .8 1 0 0 .8 1 0 U n k n o w n  B ank 0 0 0 .8 1 0 N P
124 0 .3 0 0 0 .3 0 0 S A C M A 1 0 .3 0 0 0.000
125 0 .2 2 0 0 .2 5 0 W ikiup 1 0 .2 5 0 0.000
126 0 .3 8 0 0 .0 5 0 W ikiup 1 0 .0 5 0 0.000
126 0 .3 8 0 Y u b a D rive 1 0 .3 8 0 0.000
127 0 .6 6 0 0 .6 6 0 O n -S ite 0 0 0 .6 6 0 M R
128 0 .4 0 0 0 .4 0 0 S A C M A 1 0 .4 0 0 0.000
129 1 .450 2 .2 0 0 E n gel 0 0 2 .2 0 0 N P
130 0 .1 0 0 0 .1 0 0 W ikiup 1 0 0.000
131 0 .2 5 0 0 .2 5 0 L aguna 0 0 0 .2 5 0 N P
132 0 .1 8 0 0 .1 8 0 S A C M A 1 0 .1 8 0 0.000
133 0 .2 6 0 0 .3 0 0 H a le 1 0 .3 0 0 0.000
134 0 .5 8 0 0 .7 0 0 S A C M A 1 0 .7 0 0 0.000
135 0 .2 4 0 0 .2 5 0 S A C M A  II 1 0 .2 5 0 0.000
136 1.220 1.220 O ff-S ite 0 0 1.220 M R
138 2 .5 0 0 2 .7 6 0 O ff-S ite 0 0 2 .7 6 0 N R
139 0 .7 0 0 1.100 O n -S ite 0 0 1 .100 M R
140 0 .0 6 5 0 .0 5 0 W ik iu p 1 0 .0 5 0 0.000
141 0 .0 4 0 0 .0 5 0 H ale 1 0 .0 5 0 0.000
142 0 .6 1 5 0 .6 5 0 W ikiup 1 0 .6 5 0 0.000
143 0 .5 5 0 0 .5 5 0 W ikiup 1 0 .5 5 0 0.000
144 1 .200 F ive  C reek 1 1 .200 0.000
144 5 .7 5 0 4 .5 5 0 H ale 1 4 .5 5 0 0.000
145 0 .7 5 0 F ive  C reek 1 0 .7 5 0 0.000
145 0 .8 0 0 0 .0 5 0 W ikiup 1 0 .0 5 0 0.000
146 0 .3 4 0 0 .4 0 0 S A C M A 1 0 .4 0 0 0.000
147 1.000 1.000 L agu n a 0 .4 3 6 0 .4 3 6 0 .5 6 4
148 0 .3 0 0 0 .3 5 0 W ikiup 0 0 0 .3 5 0 N P
149 0 .1 7 4 0 .2 0 0 H ale 1 0 .2 0 0 0.000
150 2 .6 9 0 2 .7 0 0 O n -S ite 0 0 2 .7 0 0 M R
151 0 .4 0 0 0 .4 0 0 L agu n a 0 .4 3 6 0 .1 7 4 0 .2 2 6
152 0 .0 4 0 0.000 N o n e 0 0 0.000 N M
Total 3 0 .3 6 1  3 3 .8 7 3 1 7 .8 3 4  16 .0 3 9
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On-Site 5.623 0 5.623
Off-Site 5.480 0 5.480
Banking 22.770 17.834 4.936
Total 33.873 17.834 16.039
Overall, 47% of the mitigation was not able to be verified based on the information in 
the COE files, making it difficult to assess the net loss of wetlands on the Plain. The 
difference between the reported mitigation and the verified mitigation was substantial. 
This disparity raises the question of how no net loss figures should be tracked and 
reported if they are to give an accurate assessment of the current program’s ability to 
achieve no net loss of wetlands. A more accurate assessment o f no net loss would 
involve checking each mitigation site for compliance; however, inadequate funding, 
manpower shortages and permit processing priorities make it difficult for regulators to 
check for compliance. As a result, placing more emphasis on compliance will have little 
affect if regulators do not have the time to make the necessary field evaluations.
Compliance is not only important in determining if mitigation was successful but is 
the means by which regulators can improve their understanding of the effectiveness of 
mitigation requirements. When a mitigation plan is proposed by an applicant it is 
reviewed to determine if it is likely to succeed. Discovering the factors that contribute to 
mitigation failure will allow regulators to make more informed decisions about future 
mitigation projects and increase the likelihood of success.
As indicated in Table 5.9, no acres mitigated at on-site or off-site locations were 
verified while the acreage mitigated at banks accounted for the entirety of the verified 
area. The use of on-site and off-site mitigation often results in small geographically
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disparate mitigation sites as opposed to mitigation banking which effectively consolidates 
numerous mitigation sites at one location, making the evaluation of sites more time and 
cost effective. Ease of monitoring is one of the many aspects often cited as a benefit of 
mitigation banking and certainly holds true for mitigation banks on the Plain. Since there 
are limited resources available for compliance inspections, the use o f mitigation banking 
on the Plain will make determination of compliance easier and, in turn, result in a more 
accurate determination of no net loss.
5 .3  P r o g r a m m a t ic  P e r m it
Of the 52 permits issued for impacts to seasonal wetlands on the Plain since July 17, 
1998, 48 met the requirements to be appended to the programmatic permit. Of the four 
permits that were not appended, three met the qualifications to be appended; however, 
two of the three were grand-fathered in since they were near completion when the 
programmatic permit was instituted. The third site was a very small impact resulting 
from the construction of a mitigation bank and mitigation was not required by the COE. 
The fourth site involved an impact over three acres in size and had a documented colony 
of Burke’s goldfields; as a result, the COE initiated a section 7 consultation and the 
impact was not appended to the programmatic permit.
There were some discrepancies in the application of the programmatic permit. At 
four of the 48 sites applicants had not conducted two years of plant surveys but were only 
required to mitigate habitat loss at a 1:1 ratio. According to the programmatic permit, if 
less than two years of plant surveys are conducted, the presence of the endangered 
species is assumed and habitat mitigated at a ratio of 2:1. For three of the sites,
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applicants were not required to perform habitat mitigation. The reason for this 
inconsistency appears to be related to misinterpretations in the application of the 
programmatic permit. For instance, in one case the project manager incorrectly assumed 
that since 4 years of plant surveys had been conducted, it was not necessary to perform 
habitat mitigation under the programmatic permit.
Table 5.10 shows the impacts appended to the programmatic permit and the 
classification of the impacted acreage. As stated above, proper mitigation was not always 
conducted for each site, but the impacted acres were still appended to the programmatic 
permit. Impacts under the programmatic permit totaled 21.266 acres of which 5.343 
acres were known to be occupied or were presumed occupied by one of the four 
endangered plants. Of the 5.343 acres 3.670 acres had an existing presence or a historic 
documented case of one or more of the four federally listed plants on the site. Part of one 
impact was mitigated outside of the mitigation unit in which the impact occurred. 
Appendix D contains detailed information on the sites appended to the programmatic 
permit, including mitigation ratios and mitigation location.
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Table 5.10: Impacts Appended to the Programmatic Permit
P0 - No plant surveys; P 1 -  1 year of plant surveys; P2 -  2 years of plant surveys;
BLBA -  Sonoma sunshine; LIVI -  Sebastopol meadowfoam; LABU -  Burke’s goldfields; 










100 0.313 0.313 P2
101 0.080 0.080 P2
102 0.150 0.150 0.150 PI
103 0.170 0.170 P2
104 0.080 0.080 0.080 P0
105 0.160 0.160 P2
106 0.048 0.048 0.048 P0
107 0.370 0.370 P2
108 0.400 0.400 P2
109 0.650 0.650 P2
110 0.520 0.520 P2
111 1.330 1.330 1.330 1.330 DP/LABU
112 0.310 0.310 0.310 0.310 DP/LABU
113 0.450 0.450 P2
114 0.090 0.090 0.090 0.090 DP/LABU
115 0.040 0.040 0.040 P0
116 0.071 0.071 0.071 P0
117 0.440 0.440 P2
118 0.035 0.035 P2
119 0.300 0.300 P2
120 1.000 1.000 P2
121 0.080 0.080 P2
122 0.260 0.260 P2
123 0.810 0.810 P2
124 0.300 0.300 P2
125 0.220 0.220 P2
126 0.380 0.380 P2
127 0.660 0.660 P2
128 0.400 0.400 P2
129 1.450 1.450 1.450 1.450 DP/BLBA
130 0.100 0.100 P2
131 0.250 0.250 P2
132 0.180 0.180 0.180 PI
133 0.260 0.260 P2
134 0.580 0.580 P2
135 0.240 0.240 P2
136 1.220 1.220 0.340 0.340 DP/LABU/BLBA
138 2.500 2.500 0.120 0.120 DP/LIVI
139 0.700 0.700 P2
140 0.065 0.065 0.030 0.030 DP/LABU
141 0.040 0.040 0.040 P0
143 0.550 0.550 P2
145 0.800 0.800 P2
146 0.340 0.340 0.340 PI
147 1.000 1.000 P2
148 0.300 0.300 P2
149 0.174 0.174 0.174 P0
151 0.400 0.400 P2
Total 21.266 21.266 5.343 3.670
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The programmatic permit limited the total impact of low quality seasonal wetlands 
within the study area to 50 acres of which no more than 30 may be occupied or presumed 
to be occupied by one of the federally listed plants and only six acres of the 30 could 
have a known record of a federally listed plant. Table 5.11 gives a summary of the 
acreage remaining under each of the impacted categories. Only 42% of the maximum 
total acreage allowed under the programmatic permit has been used to date and 61% of 
the acreage for sites with a documented presence has already been used.
Acres Acres Acres
Impacted Allowed Remaining
Habitat Impacted on the SRP 21.266 50 28.734
Occupied or Presumed Occupied 5.343 30 24.657
Documented Presence 3.670 6 2.33
Table 5.12 contains the total acreage of impacts and creation/restoration mitigation 
broken out by mitigation sub-unit for those sites appended to the programmatic permit 
and Table 5.14 shows totals for habitat mitigation by sub-unit.
Mitigation Number of Number Mitigated Acreage Acreage Net
Sub-Unit Impacts out of Sub-Unit Impacted Mitigated Balance
Northern 14 2 5.363 7.023 1.660
Central 14 12 6.736 1.880 -4.856
Southern 20 4 9.167 15.870 6.703
Table 5.13: Programmatic Permits — Impacts and Mitigation by Sub-Unit for Preservation
Mitigation
Sub-Unit









Northern 14 14 5.363 2.700 -2.663
Central 14 6.5 6.736 9.120 2.354
Southern 20 4 9.167 12.590 3.413
For wetland creation/restoration, the central sub-unit experienced an overall net loss 
of wetland area while the northern and southern units experienced gains. Less
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preservation habitat mitigation was conducted in the northern sub-unit than was required. 
The primary reason for these shifts is the location of the mitigation banks used. The 
southern sub-unit, which experienced the greatest gain in acreage, contained a majority of 
the creation/restoration banks utilized during this study, while the central unit had no 
active wetland creation/restoration banks. A majority of the habitat preservation banks 
were located in the central and southern sub-units. Since the purpose of the mitigation 
sub-units was to prevent skewing of mitigation across the entire Plain, the continuation of 
this trend could affect the restoration of the endangered plants throughout their respective 
ranges.
Knowing how the programmatic permit was applied and the appended acreages is 
important; however, it does not indicate if there have been any adverse impacts to the 
four listed plant species or if the programmatic permit has been beneficial in protecting 
and restoring the endangered plants on the Plain. Such a determination is beyond the 
scope of this study; however, the need for a recovery plan that addresses multiple species 
may become increasingly critical in the near future.
The recent federal listing of the California Tiger Salamander (CTS) has placed 
additional stress on wetland resources on the Plain. Developers working on the Plain and 
in areas that may support CTS have to mitigate for both CTS and endangered plant 
habitat. Since no programmatic permit exists for the CTS and as there are no approved 
CTS preservation banks, all wetland impacts suspected to affect CTS habitat require the 
COE to initiate Section 7 consultation with the FWS, resulting in long delays. Thus the 
listing of the CTS, with little to no viable mitigation available, has effectively halted
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development of an estimated 2,000 homes and apartment units on the Plain (Doyle 2005). 
Developers and city officials affected by the listing of the CTS initiated a lawsuit against 
the FWS and, as a result, government agencies and stakeholders are currently working on 
a draft preservation plan for the CTS that will set guidelines for allowable impacts and 
required mitigation.
As wetland resources on the Plain continue to dwindle, there is a growing need for a 
comprehensive plan that addresses the conservation of multiple species on the Plain. In 
addition to the four endangered plants and recently listed CTS, vernal pools on the Plain 
also support 50 sensitive plant taxa, 30 taxa of high concern and 40 taxa of secondary 
concern (Patterson et al. 1994). It is not the scientific challenges of designing and 
implementing an effective conservation plan that are a hindrance, but rather the economic 
and political issues. In California, where land is at a premium, there is significant 
economic pressure to develop the land as the city grows. The high cost of land makes 
mitigation costly and difficult; however, the fact that developers will pay up to $400,000 
per acre for wetland restoration/creation is an indicator the economic forces driving 
development. At the same time, many local citizens and conservation groups oppose 
continued expansion and seek to protect the diminishing natural resources of the Plain. 
These competing forces will lead to further legal and political conflict over land use 
issues on the Plain.
5 .4  C o m p e n s a t o r y  M it ig a t io n
Regulators and applicants have different factors they consider important when 
considering compensatory mitigation. For the regulators who are responsible for
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ensuring adequate compensation for wetland losses, the success and quality of the 
mitigation are the principal concerns. On the other side, the applicants who are 
responsible for locating, funding and completing compensatory mitigation, find time and 
cost are the critical factors. Mitigation is a compromise that allows economic 
development to advance while affording some protection for wetland resources. This 
section will examine aspects of mitigation that contribute to the type of mitigation 
selected by applicants and the geographic displacement resulting from regulatory 
decisions.
Mitigation was required for 50 of the 52 impacts. All acreage references in this 
section, unless otherwise specified, refer to the recorded mitigation area. Only wetland 
mitigation via restoration and creation were examined and habitat mitigation was 
excluded. All mitigation was conducted in-kind and within the Santa Rosa Plain. 
Additional tables related to mitigation trends can be found in Appendix E.
5 .4 .1  U se  b y  M it ig a t io n  T y p e
Regulators often assist proponents in finding suitable mitigation for projects; 
consequently, is it important for regulators to understand what factors influence the 
selection of the type of mitigation used. The previous use of mitigation banking on the 
Plain is of particular interest since there are currently no banks with available credits. 
Three aspects of mitigation on the Plain will be examined in this section. The first is an 
overall look at the frequency of use for each mitigation type. The second looks at the 
effect of mitigation size on the type of mitigation selected. The last aspect examines the 
relationship between the mitigation type and the different proponents.
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Frequency of Mitigation Types
Figure 5.1 shows the percentage of acreage and the percentage of impacts mitigated 
under each type of mitigation: On-Site, Off-Site and Bank. Of the 50 projects 82% were 
mitigated at banks while only 12% were mitigated on-site and 6% off-site. The projects 
mitigated at banks accounted for just over 67% of the total mitigated acreage, while on­
site and off-site locations accounted for 16.6% and 16.18%, respectively. Figure 5.2 
shows the impact locations classed by the type of mitigation used.
100%
□  O n-Site  
Off-Site
%  Acerage  
16 60% 
16 18%
% Projects  
12 00%
6 00%
Bank 67,22% 82 .00%
Figure 5.1: Acreage and Frequency of Use by Mitigation Type
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Impacts by Type of 
Mitigation Used
•  BANK
•  O FF-SITE
•  O N-SITE  
o NONE
Windsor
City of Santa Rosa
Rohnert Park
: M iles Colati
Figure 5.2: Impact Locations Classed by Mitigation Type Used
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With 41 of the 50 impacts mitigated at banks, mitigation banking on the Plain appears 
to be a popular means for fulfilling mitigation requirements. This is not an unexpected 
result since mitigation banking allows proponents to quickly and easily fulfill mitigation 
requirements, allowing projects to proceed with minimal delay. Restoration/creation 
banks on the Plain sell mitigation for up to $400,000 per acre, thus, banking is not an 
inexpensive means of mitigation. While the up-front cost of banking may appear high, 
proponents who choose to utilize on-site and off-site mitigation must incur the cost of a 
wetlands specialist, spend time locating an acceptable mitigation site, purchase any 
necessary land, submit a construction and monitoring plan, obtain a conservation 
easement, post any required bonds, conduct up to five years of monitoring, and be legally 
liable for any deficiencies should the mitigation site fail. Proponents who use mitigation 
banks simply pay for the required credits and walk away with no further responsibility; 
therefore, while mitigation banking may be expensive, it can be a simpler and more cost 
effective alternative for proponents.
Size of Impact and Mitigation Type
In order to determine if the size of the area required to be mitigated affects the 
selection of the mitigation type, projects were grouped by mitigation size in 0.25 acre 
increments and graphed by type (Figure 5.3). Mitigation banking had the widest 
distribution of mitigation sizes, ranging from 0.05 acres to 5.76 acres. The use of on-site 
mitigation ranged from 0.46 acre to 2.7 acres while off-site mitigation ranged from 1.22 














Area M itigated in A cres
Figure 5.3: Area Mitigated by Type of Mitigation Used 
Many factors that influence the type of mitigation selected are related to the size of 
the area to be mitigated. The steps necessary to use on-site and off-site mitigation, such 
as obtaining a wetland specialist and conducting on-going monitoring, are the same 
whether mitigation is done for one-half acre or ten aeres; therefore, on-site and off-site 
mitigation may not be as cost effective for small impacts. Based on this assumption, on­
site and off-site mitigation were expected to be used primarily for larger impacts. While 
the use of off-site mitigation follows this reasoning, having been used only when the 
required mitigation was over one acre, on-site mitigation did not follow this trend. It is 
possible that smaller mitigation areas may be cost effective if the site has existing 
wetlands. In this case, it would simply be a matter of making minor modifications to 
extend the existing wetlands; however, the use of on-site mitigation for small impacts 
may be related more to the type of proponent than to the cost effectiveness. The four
95
projects that involved on-site mitigation for less than one acre were conducted by public 
entities while the remaining two on-site mitigation projects over one acre were conducted 
by private developers.
Of the 42 mitigation projects under one acre, 38 were mitigated at banks, with a 
majority (30) of the projects under one half acre, indicating that applicants are more 
likely to choose mitigation banks to fulfill mitigation requirements for small impacts. 
The relationship between small mitigation areas and the use of banking is particularly 
important on the Plain, where relatively small seasonal wetlands result in a large number 
of impacts of small size. While several mitigation banks on the Plain are pending 
approval, all approved creation/restoration banks are currently sold out of credits. This 
lack of available banks could result in proponents incurring the higher mitigation costs 
associated with on-site and off-site mitigation as well as significant delay while trying to 
locate acceptable mitigation sites.
Mitigation by Proponent
Figure 5.4 shows that a majority of the projects that impacted wetlands on the Plain 
were conducted by private proponents. More than 90% of the private proponents chose 
banks while only 37% of public proponents utilized mitigation banks. The overwhelming 
use of mitigation banks by private proponents is not unexpected. Private developers are 
usually under pressure to move rapidly in order to gain a return on their investment. 
Conversely, public proponents, such as local government, do not usually undertake 
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Figure 5.4: Frequency of Mitigation Type by Proponent 
The size and location of the impacted area is an important factor in the viability of on­
site mitigation. In most cases private developers will want to utilize all the acreage on a 
parcel to gain a maximum return, so there is little benefit in mitigating on-site, especially 
in rapidly growing areas. The two on-site mitigation projects conducted by private 
proponents were on sites over 100 acres and near the edge of the city limits, making on­
site mitigation a viable option. The four on-site mitigation projects undertaken by public 
entities were also on large parcels of land that are unlikely to undergo further 
development. Overall, off-site mitigation was used less frequently. Off-site mitigation is 
often difficult to undertake since the location must be in close proximity to the original 










Figure 5.5: Impacts by Proponent
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It is possible that the recent lack of mitigation banking credits may have forced some 
proponents to choose on-site or off-site mitigation; however, it was not possible to 
discern from the files if the availability of bank credits was a factor in the selection. Most 
of the files did not document what mitigation options were considered or if the lack of 
credits resulted in the use of on-site or off-site mitigation. Since development by private 
proponents on the Plain will continue, there is an evident need for more mitigation banks 
in order to allow for cost effective mitigation options.
5.4.2 G e o g r a p h ic  D is p l a c e m e n t
Compensatory mitigation is an important factor in achieving no net loss and ensuring 
the sustainability of replacement wetlands. While applicants may propose mitigation, the 
COE is ultimately responsible for evaluating and approving mitigation plans. The 
choices made by regulators when approving mitigation can have significant effects on the 
distribution of wetlands on the Plain.
Figure 5.6 shows the degree of geographic displacement between impact locations 
and mitigation sites by mitigation type. As would be expected, all on-site mitigation 
occurred within 1000 feet of the initial impact. Off-site mitigation ranged from one to 
four miles with an average offset of two miles. Mitigation banking had the greatest 
geographic displacement, ranging from less than one-half mile to over 10 miles with an 
average offset of four miles.
As a result of mitigation banking, 43% of the mitigated acreage was displaced 5 or 
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Figure 5.6: Distance of Mitigation from Impact 
distance between impact and mitigation than would occur with off-site mitigation. This 
outcome is not surprising since banks have a set location on the landscape while the 
positioning of on-site and off-site mitigation occurs relevant to the location of each 
impact, resulting in nominal geographic displacement. Consequently, the very nature of 
mitigation banking ensures that the use of banks will lead to greater geographic 
displacement of wetlands as opposed to on-site and off-site mitigation. The maximum 
displacement that can occur is limited to the extent of the bank’s service area; therefore 
the definition of the service area is critical for ensuring minimal functional loss for a 
geographic area.
The Plain is divided into three mitigation sub-units which are meant to prevent the 
use of mitigation from resulting in the uneven redistribution of wetland resources across 
the Plain. As a result, mitigation for those impacts appended to the programmatic permit 
must take place within the same sub-unit as the impact. O f the impacts that required
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wetland creation/restoration, 19.5 were not mitigated within the correct sub-unit. Table 
5.14 shows net loss and net gain relevant to each mitigation sub-unit for all permits. The 
four permits not appended to the programmatic permit were not required to be mitigated 
in accordance with the sub-units; however, their acreages are included in Table 5.14 to 
give an indication of the relevant movement of wetland resources in relation to the sub­
units. Tables 5.12 and 5.13, found in section 5.3, show the breakdown of 
creation/restoration and preservation by sub-unit for those impacts appended to the 
programmatic permit.
Table 5.14: All Permits -  Impacts and Mitigation by Sub-Unit for Creation/Restoration
Mitigation Number o f Number Mitigated Acreage Acreage Net
Sub-Unit Impacts out o f  Sub-Unit Impacted Mitigated Balance
Northern 16 1.5 8.093 10.373 2.280
Central 16 14 13.101 1.880 -11.221
Southern 20 4 9.167 21.620 12.453
One of the 19.5 sites was mitigated via off-site mitigation, and the remaining impacts 
were mitigated at banks. Since no open creation/restoration banks were located in the 
central sub-unit during the timeframe of this study, banks in the southern and northern 
units were used. The ease of use and cost effectiveness, along with its many benefits, 
made mitigation banking a desirable method of mitigation for both regulators and 
applicants. In this regard, mitigation banking resulted in a net loss of wetland acreage in 
the central unit; however, since mitigation was not suppose to occur outside the specified 
mitigation sub-unit without permission, it was the allowance of the use of the mitigation 
banks and not the mitigation banks themselves which contributed to the net loss. Figure 
5.7 shows the location of mitigation and impacts by sub-unit.
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Figure 5.7: Impacts and Mitigation by Sub-Unit
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superior alternative to on-site and off-site mitigation. Since all of the wetlands affected 
during the study period were of low-quality, many being small fragmented remains of 
once larger complexes, the use of banking allowed regulators the opportunity to replace 
low quality, fragmented, vulnerable wetlands with higher quality wetlands in larger, more 
defensible conservation areas.
Since proposed mitigation banks must undergo review by the MBRT, which is 
composed of representatives from multiple agencies, banks receive more scrutiny prior to 
approval than most on-site and off-site mitigation projects. Banks are high profile and 
easier to evaluate for failure, making subsequent remediation more likely to occur. 
Banks can also be carefully placed on the landscape to allow the replacement wetlands to 
be located away from the degrading influences found in proximity to urban areas. Of the 
eight creation/restoration banks used on the Plain for impacts in this study, seven were 
located outside urban boundaries and the eighth site was located on the very edge of the 
Santa Rosa city limit.
Whether the advantages of mitigation banking outweigh the potentially negative 
effects of an uneven redistribution of wetland resources is a question for conservationists 
on the Plain. It is possible that the uneven redistribution of wetland resources will 
continue if new banks are not carefully placed to provide mitigation banking options for 
all three sub-units. An on-going accounting of the impacts and mitigation within each 
sub-unit should be tracked to insure that resources are balanced over time. If uneven 
mitigation is found to have negative effects on wetland habitat, regulators may consider 
requiring higher mitigation ratios for impacts mitigated outside the specified sub-unit.
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Movement of Wetlands in Relation to City Limits
Wetlands in close proximity to urban areas have been shown to degrade over time 
(Craig 1996), indicating placement of mitigation sites away from urban influences is an 
important factor in long term success. This is especially true for the small seasonal 
wetlands on the Plain which are easily influenced by changes in hydrology. The seasonal 
nature of these wetlands makes them difficult to protect during the dry times of the year 
when they appear as dry land to the common observer. For mitigation on the Plain, the 
California Department of Fish and Game (CDFG) recommends mitigation occur on 
conservation sites larger than eight to ten acres (Patterson et al. 1994). The increased 
likelihood of degradation in urban areas makes mitigation within city limits less likely to 
succeed in function or quality in the long term.
As shown in Figure 5.8, a majority of impacts (75%) occurred within the city limits 
and 92% of those impacts resulted from projects initiated by private proponents. Acreage 
was impacted within the city limits of Santa Rosa, Cotati, Windsor, and Rohnert.
Figure 5.9 shows the acreage mitigated by type in relation to urban boundaries. 
Overall 73% of the required mitigation was conducted outside the city limits. Five of the 
six sites mitigated within a city were the result of on-site mitigation and no off-site 
mitigation occurred within the city limits even though two of the three impacts that used 
off-site mitigation occurred within the city boundaries.
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Figure 5.9: Acres Mitigated by Type in Relation to Urban Boundaries
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Figure 5.8 and 5.9 show that a majority of impacts were occurring in urban areas and 
most of the replacement wetlands were relocated away from urban areas. Figure 5.10 
denotes the locations and size of the wetland impacts and wetland mitigation projects. 
Both off-site mitigation and mitigation banking have contributed to the relocation of 
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C h a p t e r  6 
C o n c l u s io n s
The examination of no net loss on the Santa Rosa Plain for permits issued between 
July 17, 1998 and December 31, 2004 revealed that determining no net loss is not always 
simple and straightforward. While the regulations required sufficient mitigation to 
prevent a net loss of wetland area on paper, the true extent of no net loss on the Plain 
could not be determined due to lack of information on the success of mitigation. Other 
factors that complicated the determination were the use of creation credits for wetland 
enhancement and the lack of a comparative relationship between wetland acreage and 
functions and values. If no net loss of functions and values, rather than acreage, is the 
primary goal of the COE, then a way of tracking and reporting net loss of functions and 
values would assist regulators in evaluating success. While it may not be feasible to 
scientifically quantify the tradeoff between area and function, an approximation would be 
helpful for accounting purposes. Currently, functional no net loss is not being tracked in 
the RAMS database which makes the quick assessment of functional loss difficult to 
determine.
The application of the special permit conditions under the Santa Rosa Plain 
programmatic permit were set up to protect the wetland habitat on the Plain. While the 
acreage limits set by the programmatic permit have not been exceeded, there were some 
exceptions to the special conditions of the programmatic permit, including mitigation of 
impacts out of their sub-unit. The effectiveness of the programmatic permit in
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maintaining the wetland resources of the Plain and the results of its implementation will 
require further study.
The programmatic permit set many of the stipulations for mitigation and favored the 
use of banks over other types of mitigation. While the use of banks created larger, more 
reliable mitigation areas, and was favored by applicants for their ease of use and cost 
effectiveness, mitigation banks did increase the displacement of wetland resources. 
Regulators on the Plain will have to weigh the pros and cons of using mitigation banking 
in the conservation of the Santa Rosa Plain wetlands. Mitigation banking is a powerful, 
economically driven tool for wetland conservation. The design, approval and placement 
of mitigation banks will have a marked influence on the sustainability and redistribution 
of wetland resources on the Plain.
There is a need for improved electronic record keeping within the regulatory 
program. The information stored within the regulatory database is insufficient to 
accurately answer questions related to no net loss, thus requiring the review of paper 
files. Obviously this would be an unrealistic manner in which to assess no net loss for 
large geographic areas that may contain hundreds of permits. To better help regulators 
assess their success in achieving program goals, an emphasis should be placed on 
improving the accuracy and breadth of the information entered into the regulatory 
database. This is a difficult goal since data entry is always subject to human error and the 
information needs of each district can vary.
Wetland regulation is seldom straightforward and simple. Regulations allow for a 
degree of flexibility for each individual situation and there are always exceptions;
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however, overall trends are important indicators of success. The no net loss goal, the 
programmatic permit, and the use of mitigation banking have all made significant 
contributions to the conservation of wetland resources on the Plain. While improvements 
to the existing policies may be made, the current regulations and policies are leading to 
the consolidation of small, low quality wetlands into larger, more sustainable complexes 
and if properly implemented will continue to be an effective means of wetland 
conservation on the Plain. As the landscape of the Santa Rosa Plain is continually being 
changed by human activity, the regulations and policies on the Plain will also have to be 
evaluated and adjusted to ensure the on-going protection of the wetland resources.
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A p p e n d i x  A : A b b r e v i a t i o n s
BEI -  Bank Enabling Instrument
BLBA -  Baker’s Blennosperma aka Sonoma sunshine (Blennosperma bakeri)
BO -  Biological Opinion
CDFG -  California Department of Fish and Game
CMA -  Consolidated Mitigation Area
COE — Corps of Engineers
CTS -  California Tiger Salamander
CWA -  Clean Water Act
DRG -  Digital Raster Graphic
EIS -  Environmental Impact Statement
EPA -  Environmental Protection Agency
ESA -  Endangered Species Act
FWPCA -  Federal Water Pollution Control Act
FWS -  U.S. Fish and Wildlife Service
ha -  hectares (1 ha = 2.471 acres)
HQE -  Habitat Quality Evaluation
LABU -  Burke’s goldfields (Lasthenia burkei)
LIVI -  Sebastopol meadowfoam (Limnanthes vinculans)
MBI -  Mitigation Banking Instrument 
MBRT -  Mitigation Banking Review Team 
MOA - Memorandum of Agreement
NALE -  Many-flowered navarretia (Navarretia leucocephala ssp. plieantha)
NRC -  National Research Council
NW -  Nationwide Permit
NW6 -  Survey Activities
NW7 -  Outfall structures and maintenance
NW12 -  Utility line activities
NW 13 -  Bank stabilization
NW14 -  Linear transportation crossings
NW18 -  Minor discharges
NW26 -  Headwaters and isolated discharges [no longer active]
NW27 -  Stream and wetland restoration activities
NW32 -  Completed enforcement actions
NW33 -  Temporary construction, access and dewatering
NW39 -  Residential, commercial and institutional development [nontidal waters only]
PGP -  Programmatic General Permit
RAMS -  Regulatory Analysis and Management System
RGP -  Regional General Permit
RHA -  Rivers and Harbors Act of 1899
SRP -  Santa Rosa Plain
I l l
SWANCC - Solid Waste Agency of North Cook County vs. U.S. Army Corps of 
Engineers
USACE -  U.S. Army Corps of Engineers
USGS -  U.S. Geological Survey
VPEPP -  Vernal Pool Ecosystem Preservation Plan
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A ppen d ix  B: D ata  S et
113
Unique Impact Site Polygon Identifiers




























































202 Hale Mitigation Bank Bank
203 Five Creek Mitigation Bank Bank
204 SACMAI Bank
205 Yuba Drive Bank Bank
206 Wikiup Bank Bank
208 Laguna Bank Phase 1 Bank
209 Engel Bank Bank
210 Mitigation for Site 129 On-Site
211 Mitigation for Site 127 On-Site
212 Mitigation for Site 106 On-Site
213 Mitigation for Site 108 On-Site
214 Mitigation for Site 112 On-Site
215 Mitigation for Site 136/137 Off-Site
218 Mitigation for Site 138 Off-Site
219 Mitigation for Site 110 Off-Site
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Impact Locations Classified by Mitigation Type
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Mitigation and Impact Project Site Boundaries
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A pp e n d ix  C: N o  N e t  L oss
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100 0.313 1.3.1 Engel 0.400 0.400 0.087
101 0.080 1:1 SACMA 0.080 0.080 0.000
102 0.150 1:1 Wikiup 0 150 0 150 0.000
103 0.170 1.2:1 Wikiup 0.200 0.200 0.030
104 0.080 1:1 Wikiup 0.080 0.100 0.020
105 0.160 1:1 Yuba Drive 0.160 0.160 0.000
106 0.048 1.5:1 On-Site 0.072 0.103 0.055
107 0.370 1:1 Yuba Drive 0.370 0.370 0.000
108 0.400 1.5:1 On-Site 0.600 0.600 0.200
109 0.650 1:1 SACMA 0.650 0.650 0.000
110 0.520 2.9:1 Off-Site 1.500 1.500 0.980
111 1.330 1:1 Engel 1.330 1.500 0.170
112 0.310 1.5:1 On-Site 0.460 0.460 0.150
113 0.450 1:1 Five Creek 0.450 0.450 0.000
114 0.090 1:1 Wikiup 0.100 0.100 0.010
115 0.040 1:1 Engel 0.080 0.080 0.040
116 0.071 0:1 None 0.000 0.000 -0.071
117 0.440 1:1 Hale 0.450 0.450 0.010
118 0.035 1.4:1 SACMA II 0.050 0.050 0.015
119 0.300 1:1 Hale 0.300 0.300 0.000
120 1.000 1:1 Hale 1.000 1.000 0.000
121 0.080 1.25:1 Laguna 0.100 0.100 0.020
122 0.260 1:1 Five Creek 0.260 0.260 0.000
123 0.810 1:1 Unknown Bank 0.810 0.810 0.000
124 0.300 1:1 SACMA 0.300 0.300 0.000
125 0.220 1:1 Wikiup 0.220 0.250 0.030
126 0.380 1.4:1 Wikiup/Yuba 0.550 0.430 0.050
127 0.660 1:1 On-Site 0.660 0.660 0.000
128 0.400 1:1 SACMA 0.400 0.400 0.000
129 1.450 1.5:1 Engel 2.200 2.200 0.750
130 0.100 1:1 Wikiup 0.100 0.100 0.000
131 0.250 1:1 Laguna 0.250 0.250 0.000
132 0.180 1:1 SACMA 0.180 0.180 0.000
133 0.260 1.1:1 Hale 0.300 0.300 0.040
134 0.580 1.2:1 SACMA 0.700 0.700 0.120
135 0.240 1:1 SACMA II 0.250 0.250 0.010
136 1.220 1:1 Off-Site 1.220 1.220 0.000
138 2.500 1.1:1 Off-Site 2.760 2.760 0.260
139 0.700 1.6:1 On-Site 1.100 1.100 0.400
140 0.065 0.77:1 Wikiup 0.050 0.050 -0.015
141 0.040 1:1 Hale 0.040 0.050 0.010
142 0.615 1:1 Wikiup 0.650 0.650 0.035
143 0.550 1:1 Wikiup 0.550 0.550 0.000
144 5.750 1.1 Five Creek/Hate 5.750 5.750 0.000
145 0.800 1:1 Wikiup/Five Cr 0.800 0.800 0.000
146 0.340 1.2:1 SACMA 0.400 0.400 0.060
147 1.000 1:1 Laguna 1.000 1.000 0.000
148 0.300 1:1 Wikiup 0.300 0.350 0.050
149 0.174 1.2:1 Hale 0.200 0.200 0.026
150 2.690 1.1 On-Site 2.700 2.700 0.010
151 0.400 1:1 Laguna 0.400 0.400 0.000
152 0.040 0:1 None 0.000 0.000 -0.040
























































No Net Loss Adjusted for Known Bank Failure__________
Acres Recorded Location Creation: Adjusted Net
Impacted Mitigation Sold Acreage Balance
0.313 0.400________ Engel__________ 1________ 0.400______ 0.087
0.080 0.080 SACMA 1 0.080 0.000
0.150 0.150________Wikiup__________1________ 0.150______ 0.000
0.170 0.200________Wikiup__________1________ 0.200______ 0.030
0.080 0.100________Wikiup__________1________ 0.100______ 0.020
0.160 0.160 Yuba Drive________1_________0.160______ 0.000
Q.048 0.103________On-Site__________1________ 0.103______ 0.055
0.370 0.370 Yuba Drive________1_________0.370______ 0.000
0.400______ 0.600________On-Site__________1________ 0.600______ 0.200
0.650 0.650_______ SACMA_________1________ 0.650______ 0.000
0.520______ 1.500________Off-Site_________ 1________ 1.500_______0.980
1.330 1.500_________Engel 1________ 1.500 0.170
0.310 0.460________On-Site__________1________ 0.460______ 0.150
0.450 0.450 Five Creek________ 1_________0.450 0.000
0.090______ 0.100________Wikiup__________1________ 0.100______ 0.010
0.040 0.080________ Engel__________ 1________ 0.080______ 0.040
0.071______ 0.000_________None___________1________ 0.000 -0.071
0.440 0.450_________ Hale___________ 1________ 0.450______ 0.010
0.035 0.050 SACMA__II________ 1_________0.050______ 0.015
0.300 0.300_________ Hale___________ 1________ 0.300______ 0.000
1.00 0______ 1.000_________ Hale___________ 1________ 1.000_______0.000
0.080 0.100________Laguna________0.436______ 0.044 -0.036
0.260 0.260______Five Creek________ 1_________0.260______ 0.000
0.810 0.810 Unknown Bank_______ 1_________0.810______ 0.000
0.300 0.300_______ SACMA_________ 1________ 0.300______ 0.000
0.220 0.250________Wikiup__________1________ 0.250______ 0.030
0.380 0.430 Wikiup/Y uba 1_________0.430______ 0.050
0.660 0.660________On-Site__________1________ 0.660______ 0.000
0.400 0.400_______ SACMA_________ 1________ 0.400______ 0.000
1.450 2.200________ Engel__________ 1________ 2.200______ 0.750
0.100 0.100________Wikiup__________1________ 0.100______ 0.000
0.250 0.250________Laguna________0.436______ 0.109 -0.141
0.180 0.180_______ SACMA_________ 1________ 0.180______ 0.000
0.260 0.300_________ Hale  1_____0.300______ 0.040
0.580 0.700_______ SACMA_________ 1________ 0.700______ 0.120
0.240 0.250_____SACMA__II________ 1_________0.250______ 0.010
1.220______ 1.220________Off-Site_________ 1________ 1.220______ 0.000
2.500 2.760_______ Off-Site_________ 1________ 2.760______ 0.260
0.700 1.100________On-Site__________1 1.100______ 0.400
0.065 0.050________Wikiup__________1________ 0.050 -0.015
0.040 0.050_________ Hale___________ 1________ 0.050______ 0.010
0.615 0.650________ Wikiup__________1________ 0.650______ 0.035
0.550 0.550________Wikiup__________1________ 0.550______ 0.000
5.750 5.750 Five Creek/Hale 1_________5.750______ 0.000
0.800 0.800 Wikiup/Five Cr_______ 1_________0.800______ 0.000
0.340 0.400_______ SACMA_________ 1________ 0.400______ 0.060
1.00 0______ 1.000________Laguna________0.436______ 0.436 -0.564
0.300 0.350________Wikiup__________1________ 0.350______ 0.050
0.174 0.200_________ Hale___________ 1________ 0.200______ 0.026
2.690 2.700________On-Site__________1________ 2.700______ 0.010
0.400 0.400________Laguna________0.436______ 0.174 -0.226
0.040 0.000 None 1 0.000 -0.040
30.361 33.873 32.886 2.525
121
No Net Loss Adjusted for Enhancement at Banks
Site Acres Recorded Location Creation: Adjusted Net
Impacted Mitigation Sold Mitigation Balance
100 0.313 0.400 Engel 1 0.400 0.087
101 0.080 0.080 SACMA 0.873 0.070 -0.010
102 0.150 0.150 Wikiup 1 0.150 0.000
103 0.170 0.200 Wikiup 1 0.200 0.030
104 0.080 0.100 Wikiup 1 0.100 0.020
105 0.160 0.160 Yuba Drive 1 0.160 0.000
106 0.048 0.103 On-Site 1 0.103 0.055
107 0.370 0.370 Yuba Drive 1 0.370 0.000
108 0.400 0.600 On-Site 1 0.600 0.200
109 0.650 0.650 SACMA 0.873 0.567 -0.083
110 0.520 1.500 Off-Site 1 1.500 0.980
111 1.330 1.500 Engel 1 1.500 0.170
112 0.310 0.460 On-Site 1 0.460 0.150
113 0.450 0.450 Five Creek 1 0.450 0.000
114 0.090 0.100 Wikiup 1 0.100 0.010
115 0.040 0.080 Engel 1 0.080 0.040
116 0.071 0.000 None 1 0.000 -0.071
117 0.440 0.450 Hale 0.621 0.279 -0.161
118 0.035 0.050 SACMA II 0.704 0.035 0.000
119 0.300 0.300 Hale 0.621 0.186 -0.114
120 1.000 1.000 Hale 0.621 0.621 -0.379
121 0.080 0.100 Laguna 1 0.100 0.020
122 0.260 0.260 Five Creek 1 0.260 0.000
123 0.810 0.810 Unknown Bank 1 0.810 0.000
124 0.300 0.300 SACMA 0.873 0.262 -0.038
125 0.220 0.250 Wikiup 1 0.250 0.030
126 0.380 0.050 Wikiup 1 0.050 -0.330
126 0.380 Yuba Drive 1 0.380 0.380
127 0.660 0.660 On-Site 1 0.660 0.000
128 0.400 0.400 SACMA 0.873 0.349 -0.051
129 1.450 2.200 Engel 1 2.200 0.750
130 0.100 0.100 Wikiup 1 0.100 0.000
131 0.250 0.250 Laguna 1 0.250 0.000
132 0.180 0.180 SACMA 0.873 0.157 -0.023
133 0.260 0.300 Hale 0.621 0.186 -0.074
134 0.580 0.700 SACMA 0.873 0.611 0.031
135 0.240 0.250 SACMA II 0.704 0.176 -0.064
136 1.220 1.220 Off-Site 1 1.220 0.000
138 2.500 2.760 Off-Site 1 2.760 0.260
139 0.700 1.100 On-Site 1 1.100 0.400
140 0.065 0.050 Wikiup 1 0.050 -0.015
141 0.040 0.050 Hale 0.621 0.031 -0.009
142 0.615 0.650 Wikiup 1 0.650 0.035
143 0.550 0.550 Wikiup 1 0.550 0.000
144 5.750 1.200 Five Creek 1 1.200 -4.550
144 4.550 Hale 0.621 2.826 2.826
145 0.800 0.050 Wikiup 1 0.050 -0.750
145 0.750 Five Creek 1 0.750 0.750
146 0.340 0.400 SACMA 0.873 0.349 0.009
147 1.000 1.000 Laguna 1 1.000 0.000
148 0.300 0.350 Wikiup 1 0.350 0.050
149 0.174 0.200 Hale 0.621 0.124 -0.050
150 2.690 2.700 On-Site 1 2.700 U.U1U
151 0.400 0.400 Laguna 1 0.400 0.000
152 0.040 0.000 None 1 0.000 -0.040
Total 30.361 33.873 30.844 0.483
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100 0.313 0.400 Engel 1.000 0.400 0.087
101 0.080 0.080 SACMA 0.873 0.070 -0.010
102 0.150 0.150 Wikiup 1.000 0.150 0.000
103 0.170 0.200 Wikiup 1.000 0.200 0.030
104 0.080 0.100 Wikiup 1.000 0.100 0.020
105 0.160 0.160 Yuba Drive 1.000 0.160 0.000
106 0.048 0.103 On-Site 1.000 0.103 0.055
107 0.370 0.370 Yuba Drive 1.000 0.370 0.000
108 0.400 0.600 On-Site 1.000 0.600 0.200
109 0.650 0.650 SACMA 0.873 0.567 -0.083
110 0.520 1.500 Off-Site 1.000 1.500 0.980
111 1.330 1.500 Engel 1.000 1.500 0.170
112 0.310 0.460 On-Site 1.000 0.460 0.150
113 0.450 0.450 Five Creek 1.000 0.450 0.000
114 0.090 0.100 Wikiup 1.000 0.100 0.010
115 0.040 0.080 Engel 1.000 0.080 0.040
116 0.071 0.000 None 1.000 0.000 -0.071
117 0.440 0.450 Hale 0.621 0.279 -0.161
118 0.035 0.050 SACMA II 0.704 0.035 0.000
119 0.300 0.300 Hale 0.621 0.186 -0.114
120 1.000 1.000 Hale 0.621 0.621 -0.379
121 0.080 0.100 Laguna 0.436 0.044 -0.036
122 0.260 0.260 Five Creek 1.000 0.260 0.000
123 0.810 0.810 Unknown Bank 1.000 0.810 0.000
124 0.300 0.300 SACMA 0.873 0.262 -0.038
125 0.220 0.250 Wikiup 1.000 0.250 0.030
126 0.380 0.050 Wikiup 1.000 0.050 -0.330
126 0.380 Yuba Drive 1.000 0.380 0.380
127 0.660 0.660 On-Site 1.000 0.660 0.000
128 0.400 0.400 SACMA 0.873 0.349 -0.051
129 1.450 2.200 Engel 1.000 2.200 0.750
130 0.100 0.100 Wikiup 1.000 0.100 0.000
131 0.250 0.250 Laguna 0.436 0.109 -0.141
132 0.180 0.180 SACMA 0.873 0.157 -0.023
133 0.260 0.300 Hale 0.621 0.186 -0.074
134 0.580 0.700 SACMA 0.873 0.611 0.031
135 0.240 0.250 SACMA II 0.704 0.176 -0.064
136 1.220 1.220 Off-Site 1.000 1.220 0.000
138 2.500 2.760 Off-Site 1.000 2.760 0.260
139 0.700 1.100 On-Site 1.000 1.100 0.400
140 0.065 0.050 Wikiup 1.000 0.050 -0.015
141 0.040 0.050 Hale 0.621 0.031 -0.009
142 0.615 0.650 Wikiup 1.000 0.650 0.035
143 0.550 0.550 Wikiup 1.000 0.550 0.000
144 5.750 1.200 Five Creek 1.000 1.200 -4.550
144 4.550 Hale 0.621 2.826 2.826
145 0.800 0.050 Wikiup 1.000 0.050 -0.750
145 0.750 Five Creek 1.000 0.750 0.750
146 0.340 0.400 SACMA 0.873 0.349 0.009
147 1.000 1.000 Laguna 0.436 0.436 -0.564
148 0.300 0.350 Wikiup 1.000 0.350 0.050
149 0.174 0.200 Hale 0.621 0.124 -0.050
150 2.690 2.700 On-Site 1.000 2.700 0.010
151 0.400 0.400 Laguna 0.436 0.174 -0.226
152 0.040 0.000 None 1.000 0.000 -0.040
















































Impacts Mitigated at Creation/Restoration Banks




0.150 0.15 0.150________ Wikiup________ 0.000
0.170_______0 2 _______ 0.200 Wikiup 0.030
0.080 0.08_______ 0.100________ Wikiup________ 0.020
0.160 0.16_______ 0.160 Yuba Drive 0.000
0.370______ 037_______ 0.370______Yuba Drive 0.000
0.650 0.65_______ 0.650________SACMA_______ 0.000
1.330 L33_______ 1.500_________ Engel_________0.170
0.450______ 0.45_______0.450______ Five Creek______ 0.000
0.090_______(U_______ 0.100________ Wikiup________ 0.010
0.040 0.08_______ 0.080_________Engel_________ 0.040
0 .4 4 0  Q.4 5_______ 0.450_________ Hale_________ 0.010
0.035 0.05_______ 0.050_______SACMA II 0.015
0.300_______03_______ 0.300_________ Hale_________ 0.000
1.00 0________1_________1.000_________ Hale_________ 0.000
0.080_______01_______ 0.100________ Laguna________ 0.020
0.260 0.26_______0.260_______Five Creek 0.000
0.810______ 0.81_______0.810 Unknown Bank 0.000
0.300_______03_______ 0.300________SACMA________0.000
0.220 0.22_______ 0.250________ Wikiup________ 0.030
0.380 0.55_______ 0.050________ Wikiup________-0.330
________________________0.380______Yuba Drive 0.380
0.400_______ 0 4 _______ 0.400________SACMA________0.000
1.450 22_______ 2.200_________Engel_________ 0.750
0.100_______ OH________0.100________ Wikiup________ 0.000
0.250 0.25_______ 0.250________ Laguna________ 0.000
0.180 0.18_______ 0.180_______ SACMA________0.000
0.260_______ 03_______ 0.300_________ Hale_________0.040
0.580_______0/7_______ 0.700_______ SACMA_______ 0.120
0.240 0.25_______ 0.250______SACMA II 0.010
0.065 0.05_______ 0.050________ Wikiup________ -0.015
0.040 0.04_______ 0.050_________ Hale_________ 0.010
0.615 0.65_______ 0.650________ Wikiup________ 0.035
0.550______ 0.55_______ 0.550________ Wikiup________ 0.000
5.750 5.75_______ 1.200______ Five Creek -4.550
________________________4.550_________ Hale_________ 4.550
0.800_______ 03_______ 0.050________ Wikiup________-0.750
________________________0.750______ Five Creek_______ 0.750
0.340_______ 0A_______ 0.400_______ SACMA________0.060
1.00 0________ 1_________1.000 Laguna________ 0.000
0.300_______ 03_______ 0.350________ Wikiup________ 0.050
0.174_______02_______ 0.200_________ Hale_________ 0.026
0.400______  0.4_______0.400________ Laguna________ 0.000
21.202 22.7/0 1.568
124
No Net Loss Adjusted for Bank Enhancement at Creation/Restoration Banks
____________________ Bank Mitigated Impacts Only____________________
Site Acres Required Recorded Bank Creation: Adjusted Net
Impacted Mitigation Mitigation Sold Mitigation Balance
100 0.313 0.4 0.400 Engel 1.000 0.400 0.087
101 0.080 0.08 0.080 SACMA 0.873 0.070 -0.010
102 0.150 0.15 0.150 Wikiup 1.000 0.150 0.000
103 0.170 0.2 0.200 Wikiup 1.000 0.200 0.030
104 0.080 0.08 0.100 Wikiup 1.000 0.100 0.020
105 0.160 0.16 0.160 Yuba Drive 1.000 0.160 0.000
107 0.370 0.37 0.370 Yuba Drive 1.000 0.370 0.000
109 0.650 0.65 0.650 SACMA 0.873 0.567 -0.083
111 1.330 1.33 1.500 Engel 1.000 1.500 0.170
113 0.450 0.45 0.450 Five Creek 1.000 0.450 0.000
114 0.090 0.1 0.100 Wikiup 1.000 0.100 0.010
115 0.040 0.08 0.080 Engel 1.000 0.080 0.040
117 0.440 0.45 0.450 Hale 0.621 0.279 -0.161
118 0.035 0.05 0.050 SACMA II 0.704 0.035 0.000
119 0.300 0.3 0.300 Hale 0.621 0.186 -0.114
120 1.000 1 1.000 Hale 0.621 0.621 -0.379
121 0.080 0.1 0.100 Laguna 1.000 0.100 0.020
122 0.260 0.26 0.260 Five Creek 1.000 0.260 0.000
123 0.810 0.81 0.810 Unknown Bank 1.000 0.810 0.000
124 0.300 0.3 0.300 SACMA 0.873 0.262 -0.038
125 0.220 0.22 0.250 Wikiup 1.000 0.250 0.030
126 0.380 0.55 0.050 Wikiup 1.000 0.050 -0.330
126 0.380 Yuba Drive 1.000 0.380 0.380
128 0.400 0.4 0.400 SACMA 0.873 0.349 -0.051
129 1.450 2.2 2.200 Engel 1.000 2.200 0.750
130 0.100 0.1 0.100 Wikiup 1.000 0.100 0.000
131 0.250 0.25 0.250 Laguna 1.000 0.250 0.000
132 0.180 0.18 0.180 SACMA 0.873 0.157 -0.023
133 0.260 0.3 0.300 Hale 0.621 0.186 -0.074
134 0.580 0.7 0.700 SACMA 0.873 0.611 0.031
135 0.240 0.25 0.250 SACMA II 0.704 0.176 -0.064
140 0.065 0.05 0.050 Wikiup 1.000 0.050 -0.015
141 0.040 0.04 0.050 Hale 0.621 0.031 -0.009
142 0.615 0.65 0.650 Wikiup 1.000 0.650 0.035
143 0.550 0.55 0.550 Wikiup 1.000 0.550 0.000
144 5.750 5.75 1.200 Five Creek 1.000 1.200 -4.550
144 4.550 Hale 0.621 2.826 2.826
145 0.800 0.8 0.050 Wikiup 1.000 0.050 -0.750
145 0.750 Five Creek 1.000 0.750 0.750
146 0.340 0.4 0.400 SACMA 0.873 0.349 0.009
147 1.000 1 1.000 Laguna 1.000 1.000 0.000
148 0.300 0.3 0.350 Wikiup 1.000 0.350 0.050
149 0.174 0.2 0.200 Hale 0.621 0.124 -0.050
151 0.400 0.4 0.400 Laguna 1.000 0.400 0.000
Total 21.202 22.770 19.741 -1.461
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No Net Loss Adjusted Known Failure at Creation/Restoration Banks













100 0.313 0.4 0.400 Engel 1 0.400 0.087
101 0.080 0.08 0.080 SACMA 1 0.080 0.000
102 0.150 0.15 0.150 Wikiup 1 0.150 0.000
103 0.170 0.2 0.200 Wikiup 1 0.200 0.030
104 0,080 0.08 0.100 Wikiup 1 0.100 0*020
105 0.160 0.16 0.160 Yuba Drive 1 0.160 0.000
107 0.370 0.37 0.370 Yuba Drive 1 0.370 0.000
109 0.650 0.65 0.650 SACMA 1 0.650 0.000
111 1.330 1.33 1.500 Engel 1 1.500 0.170
113 0.450 0.45 0.450 Five Creek 1 0.450 0.000
114 0.090 0.1 0.100 Wikiup 1 0.100 0.010
115 0.040 0.08 0.080 Engel 1 0.080 0.040
117 0.440 0.45 0.450 Hale 1 0.450 0.010
118 0.035 0.05 0.050 SACMA II 1 0.050 0.015
119 0.300 0.3 0.300 Hale 1 0.300 0.000
120 1.000 1 1.000 Hale 1 1.000 0.000
121 0.080 0.1 0.100 Laguna 0.436 0.044 -0.036
122 0.260 0.26 0.260 Five Creek 1 0.260 0.000
123 0.810 0.81 0.810 Unknown Bank 1 0.810 0.000
124 0.300 0.3 0.300 SACMA 1 0.300 0.000
125 0.220 0.22 0.250 Wikiup 1 0.250 0.030
126 0.380 0.55 0.050 Wikiup 1 0.050 -0.330
126 0.380 Yuba Drive 1 0.380 0.380
128 0.400 0.4 0.400 SACMA 1 0.400 0.000
129 1.450 2.2 2.200 Engel 1 2.200 0.750
130 0.100 0.1 0.100 Wikiup 1 0.100 0.000
131 0.250 0.25 0.250 Laguna 0.436 0.109 -0.141
132 0.180 0.18 0.180 SACMA 1 0.180 0.000
133 0.260 0.3 0.300 Hale 1 0.300 0.040
134 0.580 0.7 0.700 SACMA 1 0.700 0.120
135 0.240 0.25 0.250 SACMA II 1 0.250 0.010
140 0.065 0.05 0.050 Wikiup 1 0.050 -0.015
141 0.040 0.04 0.050 Hale 1 0.050 0.010
142 0.615 0.65 0.650 Wikiup 1 0.650 0.035
143 0.550 0.55 0.550 Wikiup 1 0.550 0.000
144 5.750 5.75 1.200 Five Creek 1 1.200 -4.550
144 4.550 Hale 1 4.550 4.550
145 0.800 0.8 0.050 Wikiup 1 0.050 -0.750
145 0.750 Five Creek 1 0.750 0.750
146 0.340 0.4 0.400 SACMA 1 0.400 0.060
147 1.000 1 1.000 Laguna 0.436 0.436 -0.564
148 0.300 0.3 0.350 Wikiup 1 0.350 0.050
149 0.174 0.2 0.200 Hale 1 0.200 0.026
151 0.400 0.4 0.400 Laguna 0.436 0.174 -0.226
Total 21.202 22.770 21.783 0.581
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No Net Loss Adjusted for Enhancement and Failure at Creation/Restoration Banks













100 0.313 0.4 0.400 Engel 1.000 0.400 0.087
101 0.080 0.08 0.080 SACMA 0.873 0.070 -0.010
102 0.150 0.15 0.150 Wikiup 1.000 0.150 0.000
103 0.170 0.2 0.200 Wikiup 1.000 0.200 0.030
104 0.080 0.08 0.100 Wikiup 1.000 0.100 0.020
105 0.160 0.16 0.160 Yuba Drive 1.000 0.160 0.000
107 0.370 0.37 0.370 Yuba Drive 1.000 0.370 0.000
109 0.650 0.65 0.650 SACMA 0.873 0.567 -0.083
111 1.330 1.33 1.500 Engel 1.000 1.500 0.170
113 0.450 0.45 0.450 Five Creek 1.000 0.450 0.000
114 0.090 0.1 0.100 Wikiup 1.000 0.100 0.010
115 0.040 0.08 0.080 Engel 1.000 0.080 0.040
117 0.440 0.45 0.450 Hale 0.621 0.279 -0.161
118 0.035 0.05 0.050 SACMA II 0.704 0.035 0.000
119 0.300 0.3 0.300 Hale 0.621 0.186 -0.114
120 1.000 1 1.000 Hale 0.621 0.621 -0.379
121 0.080 0.1 0.100 Laguna 0.436 0.044 -0.036
122 0.260 0.26 0.260 Five Creek 1.000 0.260 0.000
123 0.810 0.81 0.810 Unknown Bank 1.000 0.810 0.000
124 0.300 0.3 0.300 SACMA 0.873 0.262 -0.038
125 0.220 0.22 0.250 Wikiup 1.000 0.250 0.030
126 0.380 0.55 0.050 Wikiup 1.000 0.050 -0.330
126 0.380 Yuba Drive 1.000 0.380 0.380
128 0.400 0.4 0.400 SACMA 0.873 0.349 -0.051
129 1.450 2.2 2.200 Engel 1.000 2.200 0.750
130 0.100 0.1 0.100 Wikiup 1.000 0.100 0.000
131 0.250 0.25 0.250 Laguna 0.436 0.109 -0.141
132 0.180 0.18 0.180 SACMA 0.873 0.157 -0.023
133 0.260 0.3 0.300 Hale 0.621 0.186 -0.074
134 0.580 0.7 0.700 SACMA 0.873 0.611 0.031
135 0.240 0.25 0.250 SACMA II 0.704 0.176 -0.064
140 0.065 0.05 0.050 Wikiup 1.000 0.050 -0.015
141 0.040 0.04 0.050 Hale 0.621 0.031 -0.009
142 0.615 0.65 0.650 Wikiup 1.000 0.650 0.035
143 0.550 0.55 0.550 Wikiup 1.000 0.550 0.000
144 5.750 5.75 1.200 Five Creek 1.000 1.200 -4.550
144 4.550 Hale 0.621 2.826 2.826
145 0.800 0.8 0.050 Wikiup 1.000 0.050 -0.750
145 0.750 Five Creek 1.000 0.750 0.750
146 0.340 0.4 0.400 SACMA 0.873 0.349 0.009
147 1.000 1 1.000 Laguna 0.436 0.436 -0.564
148 0.300 0.3 0.350 Wikiup 1.000 0.350 0.050
149 0.174 0.2 0.200 Hale 0.621 0.124 -0.050
151 0.400 0.4 0.400 Laguna 0.436 0.174 -0.226
Total 21.202 22.770 18.754 -2.448
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A p p e n d ix  D: P r o g r a m m a t ic  P e r m it
128
Preservation Acreage Adjusted for Enhancement: As with creation/restoration banks, some
preservation banks sold more acreage credits than were actually at the bank. The additional credits were 











100 0.313 0.400 Engel 0.630 0.252
101 0.080 0.080 Wright 0.640 0.0512
102 0.150 0.150 Wright 0.640 0.096
103 0.170 0.200 Wright 0.640 0.128
104 0.080 0.100 Wright 0.640 0.064
105 0.160 0.160 Yuba Drive 0.800 0.128
106 0.048 0.100 Engel 0.630 0.063
107 0.370 0.370 Yuba Drive 0.800 0.296
108 0.400 0.400 Unknown 1 0.4
109 0.650 0.650 Wright 0.640 0.416
110 0.520 2.700 Off-Site 1 2.7
111 1.330 1.350 Engel 0.630 0.8505
111 1.350 Wright 0.640 0.864
112 0.310 0.650 Wright 0.640 0.416
113 0.450 0.450 Engel 0.630 0.2835
114 0.090 0.200 Wright 0.640 0.128
115 0.040 0.100 Engel 0.630 0.063
116 0.071 0.000 None 0 0
117 0.440 0.450 Hale 0.670 0.3015
118 0.035 0.050 Wright 0.640 0.032
119 0.300 0.300 Engel 0.630 0.189
120 1.000 1.000 Hale 0.670 0.67
121 0.080 0.100 Engel 0.630 0.063
122 0.260 0.300 Hale 0.670 0.201
123 0.810 0.810 Engel 0.630 0.5103
124 0.300 0.000 None 0 0
125 0.220 0.250 Engel 0.630 0.1575
126 0.380 0.400 Wright 0.640 0.256
127 0.660 0.600 Wright 0.640 0.384
128 0.400 0.400 Wright 0.640 0.256
129 1.450 2.900 Engel 0.630 1.827
130 0.100 0.100 Wright 0.640 0.064
131 0.250 0.250 Engel 0.630 0.1575
132 0.180 0.200 Wright 0.640 0.128
133 0.260 0.300 Hale 0.670 0.201
134 0.580 0.600 Wright 0.640 0.384
135 0.240 0.250 Wright 0.640 0.16
136 1.220 1.400 Wright 0.640 0.896
138 2.500 0.540 Off-Site 1 0.54
139 0.700 0.700 Engel 0.630 0.441
140 0.065 0.100 Wright 0.640 0.064
141 0.040 0.100 Hale 0.670 0.067
143 0.550 0.000 None 0 0
145 0.800 0.800 Wright 0.640 0.512
146 0.340 0.000 None 0 0
147 1.000 1.000 Engel 0.630 0.63
148 0.300 0.300 Wright 0.640 0.192
149 0.174 0.400 Hale 0.670 0.268
151 0.400 0.400 Engel 0.630 0.252
Total 21.266 24.410 17.003
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100 0.313 Southern Engel Southern 0.400 Y
101 0.080 Northern SACMA Northern 0.080 Y
102 0.150 Central Wikiup Northern 0.150 N
103 0.170 Central Wikiup Northern 0.200 N
104 0.080 Central Wikiup Northern 0.100 N
105 0.160 Southern Yuba Drive Southern 0.160 Y
106 0.048 Northern On-Site Northern 0.103 Y
107 0.370 Southern Yuba Drive Southern 0.370 Y
108 0.400 Southern On-Site Southern 0.600 Y
109 0.650 Northern SACMA Northern 0.650 Y
110 0.520 Central Off-Site Northern 1.500 N
111 1.330 Central Engel Southern 1.500 N
112 0.310 Northern On-Site Northern 0.460 Y
113 0.450 Southern Five Creek Southern 0.450 Y
114 0.090 Northern Wikiup Northern 0.100 Y
115 0.040 Southern Engel Southern 0.080 Y
116 0.071 None None None 0.000 None
117 0.440 Central Hale Southern 0.450 N
118 0.035 Northern SACMA II Northern 0.050 Y
119 0.300 Southern Hale Southern 0.300 Y
120 1.000 Southern Hale Southern 1.000 Y
121 0.080 Central Laguna Southern 0.100 N
122 0.260 Central Five Creek Southern 0.260 N
123 0.810 Southern Unknown Bank Southern 0.810 Y
124 0.300 Northern SACMA Northern 0.300 Y
125 0.220 Southern Wikiup Northern 0.250 N
126 0.38 Southern Yuba Drive Southern 0.380 Y
126 Southern Wikiup Northern 0.050 N
127 0.660 Central On-Site Central 0.660 Y
128 0.400 Northern SACMA Northern 0.400 Y
129 1.450 Central Engel Southern 2.200 N
130 0.100 Southern Wikiup Northern 0.100 N
131 0.250 Southern Laguna Southern 0.250 Y
132 0.180 Northern SACMA Northern 0.180 Y
133 0.260 Southern Hale Southern 0.300 Y
134 0.580 Northern SACMA Northern 0.700 Y
135 0.240 Central SACMA II Northern 0.250 N
136 1.220 Central Off-Site Central 1.220 Y
138 2.500 Southern Off-Site Southern 2.760 Y
139 0.700 Southern On-Site Southern 1.100 Y
140 0.065 Central Wikiup Northern 0.050 N
141 0.040 Southern Hale Southern 0.050 Y
142 0.615 Central Wikiup Northern 0.650 N
143 0.550 Northern Wikiup Northern 0.550 Y
144 4.55 Central Hale Southern 4.550 N
144 1.2 Central Five Creek Southern 1.200 N
145 0.75 Northern Five Creek Southern 0.750 N
145 0.05 Northern Wikiup Northern 0.050 Y
146 0.340 Northern SACMA Northern 0.400 Y
147 1.000 Northern Laguna Southern 1.000 N
148 0.300 Southern Wikiup Northern 0.350 N
149 0.174 Southern Hale Southern 0.200 Y
150 2.690 Northern On-Site Northern 2.700 Y
151 0.400 Southern Laguna Southern 0.400 Y
152 0.040 None None None 0.000 None
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100 0.313 Southern Engel Southern 0.400 Y
101 0.080 Northern SACMA Northern 0.080 Y
102 0.150 Central Wikiup Northern 0.150 N
103 0.170 Central Wikiup Northern 0.200 N
104 0.080 Central Wikiup Northern 0.100 N
105 0.160 Southern Yuba Drive Southern 0.160 Y
106 0.048 Northern On-Site Northern 0.103 Y
107 0.370 Southern Yuba Drive Southern 0.370 Y
108 0.400 Southern On-Site Southern 0.600 Y
109 0.650 Northern SACMA Northern 0.650 Y
110 0.520 Central Off-Site Northern 1.500 N
111 1.330 Central Engel Southern 1.500 N
112 0.310 Northern On-Site Northern 0.460 Y
113 0.450 Southern Five Creek Southern 0.450 Y
114 0.090 Northern Wikiup Northern 0.100 Y
115 0.040 Southern Engel Southern 0.080 Y
116 0.071 Central NA NA 0.000 N
117 0.440 Central Hale Southern 0.450 N
118 0.035 Northern SACMA II Northern 0.050 Y
119 0.300 Southern Hale Southern 0.300 Y
120 1.000 Southern Hale Southern 1.000 Y
121 0.080 Central Laguna Southern 0.100 N
122 0.260 Central Five Creek Southern 0.260 N .
123 0.810 Southern Unknown Bank Southern 0.810 Y
124 0.300 Northern SACMA Northern 0.300 Y
125 0.220 Southern Wikiup Northern 0.250 N
126 Southern Wikiup Northern 0.050 N
126 0.38 Southern Yuba Drive Southern 0.380 Y
127 0.660 Central On-Site Central 0.660 Y
128 0.400 Northern SACMA Northern 0.400 Y
129 1.450 Central Engel Southern 2.200 N
130 0.100 Southern Wikiup Northern 0.100 N
131 0.250 Southern Laguna Southern 0.250 Y
132 0.180 Northern SACMA Northern 0.180 Y
133 0.260 Southern Hale Southern 0.300 Y
134 0.580 Northern SACMA Northern 0.700 Y
135 0.240 Central SACMA II Northern 0.250 N
136 1.220 Central Off-Site Central 1.220 Y
138 2.500 Southern Off-Site Southern 2.760 Y
139 0.700 Southern On-Site Southern 1.100 Y
140 0.065 Central Wikiup Northern 0.050 N
141 0.040 Southern Hale Southern 0.050 Y
143 0.550 Northern Wikiup Northern 0.550 Y
145 0.75 Northern Five Creek Southern 0.750 N
145 0.05 Northern Wikiup Northern 0.050 Y
146 0.340 Northern SACMA Northern 0.400 Y
147 1.000 Northern Laguna Southern 1.000 N
148 0.300 Southern Wikiup Northern 0.350 N
149 0.174 Southern Hale Southern 0.200 Y
151 0.400 Southern Laguna Southern 0.400 Y
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100 0.313 Southern Engel Southern 0.400 Y
101 0.08 Northern Wright Bank Central 0.080 N
102 0.15 Central Wright Bank Central 0.150 Y
103 0.17 Central Wright Bank Central 0.200 Y
104 0.08 Central Wright Bank Central 0.100 Y
105 0.16 Southern Yuba Drive Southern 0.160 Y
106 0.048 Northern Engel Southern 0.100 N
107 0.37 Southern Yuba Drive Southern 0.370 Y
108 0.4 Southern Unknown Southern 0.400 Y
109 0.65 Northern Wright Bank Central 0.650 N
110 0.52 Central Off-Site Northern 2.700 N
111 0.665 Central Wright Bank Central 1.350 Y
111 0.665 Central Engel Southern 1.350 N
112 0.31 Northern Wright Bank Central 0.650 N
113 0.45 Southern Engel Southern 0.450 Y
114 0.09 Northern Wright Central 0.200 N
115 0.04 Southern Engel Southern 0.100 Y
116 0.071 Central NA NA 0.000 N
117 0.44 Central Hale Southern 0.450 N
118 0.035 Northern Wright Bank Central 0.050 N
119 0.3 Southern Engel Southern 0.300 Y
120 1 Southern Hale Southern 1.000 Y
121 0.08 Central Engel Southern 0.100 N
122 0.26 Central Hale Southern 0.300 N
123 0.81 Southern Engel Southern 0.810 Y
124 0.3 Northern NA NA 0.000 N
125 0.22 Southern Engel Southern 0.250 Y
126 0.38 Southern Wright Bank Central 0.400 N
127 0.66 Central Wright Bank Central 0.600 Y
128 0.4 Northern Wright Bank Central 0.400 N
129 1.45 Central Engel Southern 2.900 N
130 0.1 Southern Wright Bank Central 0.100 N
131 0.25 Southern Engel Southern 0.250 Y
132 0.18 Northern Wright Bank Central 0.200 N
133 0.26 Southern Hale Southern 0.300 Y
134 0.58 Northern Wright Bank Central 0.600 N
135 0.24 Central Wright Bank Central 0.250 Y
136 1.22 Central Wright Bank Central 1.400 Y
138 2.5 Southern Off-Site Central 0.540 N
139 0.7 Southern Engel Southern 0.700 Y
140 0.065 Central Wright Bank Central 0.100 Y
141 0.04 Southern Hale Southern 0.100 Y
143 0.55 Northern NA NA 0.000 N
145 0.8 Northern Wright Bank Central 0.800 N
146 0.34 Northern NA NA 0.000 N
147 1 Northern Engel Southern 1.000 N
148 0.3 Southern Wright Bank Central 0.300 N
149 0.174 Southern Hale Southern 0.400 Y
151 0.4 Southern Engel Southern 0.400 Y
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A p p e n d ix  E: C o m p e n s a t o r y  M it ig a t io n
133
Unless otherwise stated, all mitigation in appendix E refers to creation/restoration.
Type of Mitigation Used by Acreage and Number of Projects
Mitigation Type Acres Percentage Projects Percentage
On-site 5.623 16.60% 6 12.00%
Off-site 5.480 16.18% 3 6.00%
Bank 22.770 67.22% 41 82.00%
Total 33.873 50
Number of Projects Classed by Size
Class ID Interval (acres) Bank Off-Site On-Site
1 0-0.25 17 0 1
2 0.26-0.50 13 0 1
3 0.51-0.75 4 0 2
4 0.76-1.00 4 0 0
5 1.10-1.25 0 1 1
6 1.26-1.50 1 1 0
7 1.51-2.00 0 0 0
9 2.10-2.25 1 0 0
10 2.26-2.50 0 0 0
11 2.51-2.75 0 0 1
12 2.76-3.00 0 1 0
13-22 3.10-5.50 0 0 0
23 5.51-5.75 1 0 0
Percentage of Projects Classed by Size
Interval in 
Acres
















0-0.25 94.44% 0.00% 5.56% 36.00%
0.26-0.50 92.86% 0.00% 7.14% 28.00%
0.51-0.75 66.67% 0.00% 33.33% 12.00%
0.76-1.00 100.00% 0.00% 0.00% 8.00%
1.10-1.25 0.00% 50.00% 50.00% 4.00%
1.26-1.50 50.00% 50.00% 0.00% 4.00%
1.51-2.00 0.00% 0.00% 0.00% 0.00%
2.10-2.25 100.00% 0.00% 0.00% 2.00%
2.26-2.50 0.00% 0.00% 0.00% 0.00%
2.51-2.75 0.00% 0.00% 100.00% 2.00%
2.76-3.00 0.00% 100.00% 0.00% 2.00%
3.10-5.50 0.00% 0.00% 0.00% 0.00%
5.51-5.75 100.00% 0.00% 0.00% 2.00%
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Private Proponents 
Acres and Number o f Projects by Type
Type Acres Percentage Projects Percentage
On-Site Private 3.8 13.63% 2 4.76%
Off-Site Private 3.98 14.28% 2 4.76%
Bank Private 20.09 72.08% 38 90.48%
Total 27.87 42
Public Proponents
Acres and Number o f Projects by Type
Type Acres Percentage Projects Percentage
On-Site Public 1.823 30.37% 4 50.00%
Off-Site Public 1.500 24.99% 1 12.50%
Bank Public 2.680 44.64% 3 37.50%
Total 6.003 8
Impacts Relative to City Limits
Location and Type Acres Percentage Projects Percentage
Outside On-Site 0.660 2.17% 1 1.92%
Outside Off-Site 0.000 0.00% 0 0.00%
Outside Bank 8.650 28.49% 9 17.31%
Not Mitigated 0.071 0.23% 1 1.92%
Inside On-Site 4.148 13.66% 5 9.62%
Inside Off-Site 4.240 13.97% 3 5.'77%
Inside Bank 12.552 41.34% 32 61.54%
Not Mitigated 0.040 0.13% 1.000 1.92%
Total 30.361 52.000
Mitigation Relative to City Limits
Location and Type Acres Percentage Number Percentage
Outside On-Site 0.660 1.95% 1 2.00%
Outside Off-Site 0.000 0.00% 0 0.00%
Outside Bank 9.480 27.99% 9 18.00%
Inside On-Site 4.963 14.65% 5 10.00%
Inside Off-Site 5.480 16.18% 3 6.00%

























































Distance in Miles between Impact and Mitigation Sites
Mitigation Mitigation Type Recorded Distance in Distance
ID___________________________ Mitigation_____ Miles_______ Class
209____________BANK___________ 0.400_______ 4.461_________ 5
20 4___________ BANK___________ 0.080_______ 3.422_________ 4
206___________ BANK  0.150____1.040_________ 2
206___________ BANK___________ 0.200_______ 3.542_________ 4
206___________ BANK___________ 0.100_______ 4.691_________ 5
20 5____________BANK___________ 0.160_______ 1.500_________ 2
21 2___________ON-SITE__________ 0.103_______ 0.060_________ 1
20 5____________BANK___________ 0.370_______ 1.299_________ 2
21 3___________ON-SITE__________ 0.600_______ 0.062_________ 1
204___________ BANK___________ 0.650_______ 1.699_________ 2
219__________ OFF-SITE__________1.500_______ 2.502_________ 3
209___________ BANK___________ 1.500_______ 5.269_________ 6
21 4__________ ON-SITE__________ 0.460_______ 0.104_________ 1
203____________BANK___________ 0.450_______ 4.775_________ 5
20 6___________ BANK___________ 0.100_______ 1.242_________ 2
209____________BANK___________ 0.080_______ 2.215_________ 3
NONE__________ NONE___________ 0.000_______ 0.000_________ 0
202___________ BANK___________ 0.450_______ 6.016_________ 7
20 1____________BANK___________ 0.050_______ 1.184_________ 2
20 2___________ BANK___________ 0.300_______ 2.347_________ 3
20 2____________BANK___________ 1.000_______ 2.435_________ 3
20 8____________BANK___________ 0.100_______ 5.776_________ 6
20 3____________BANK___________ 0.260 7.996_________ 8
20 9____________BANK___________ 0.810_______ 3.060 4
20 4___________ BANK  0.300___ 1.375_________ 2
206____________BANK___________ 0.250_______ 8.245_________ 9
206/205__________ BANK___________ 0.430_______ 6.027 7
211___________ON-SITE__________ 0.660_______ 0.122_________ 1
204____________BANK__________  0.400_______ 0.435_________ 1
20 9____________BANK___________ 2.200_______ 6.239_________ 7
206____________BANK___________ 0.100_______ 9.403_________10
208____________BANK___________ 0.250_______ 4.228_________ 5
204____________BANK___________ 0.180_______ 3.255_________ 4
202____________BANK___________ 0.300_______ 2.667_________ 3
204____________BANK___________ 0.700_______ 1.848_________ 2
20 1____________BANK___________ 0.250_______ 5.075 6
21 5__________ OFF-SITE__________0.610_______ 1.044_________ 2
215__________ OFF-SITE__________0.610_______ 1.234_________ 2
218__________ OFF-SITE__________2.760_______ 3.743_________ 4
21 0___________ON-SITE__________ 1.100_______ 0.093_________ 1
206____________BANK___________ 0.050_______ 1.305_________ 2
20 2____________BANK___________ 0.050_______ 4.161_________ 5
206____________BANK 0.650 1.148_________ 2
206____________BANK___________ 0.550_______ 2.788_________ 3
203/202__________ BANK  5.750___ 8.130_________ 9
206/203__________ BANK___________ 0.800_______ 10.534________ 11
204____________BANK  0.400____1.312_________ 2
208 BANK___________ 1.000_______ 9.747_________10
206____________BANK___________ 0.350_______ 7.748_________ 8
202____________BANK___________ 0.200_______ 3.516_________4
222___________ON-SITE__________ 2.700_______ 0.224_________ 1
208____________BANK___________ 0.400_______ 2.830_________3
NONE NONE 0.000 0.000 0
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